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Measurements of thermal radiation from four nuclear detonations at 
Operation TUUBLEE-SNAPPER are described. Data were obtained from stations 
along the thermal line from ground zero to 9000 ft, along the U. S. Forest 
Service (USFS) line from 11,000 to 20,000 ft, from certain stations where 
aircraft were parked, and from the drop aircraft. The instruments used 
were similar to those used in previous field operations, with the exeep<-
tion of a few new instruments for measuring directly the rate of delivery 
of the thermal energy. Instruments included disk calorimeters, passive 
receivers, photronic cells, radiometers, smd sphere calorimeters. 

In addition to measurements of the total thermal energy received as 
a function of distance, elevation, and field of view of the measuring 
device, measurements were made of the thermal pulse shape, the spectral 
distribution, and the energy reflected from the grotmd. The results show 
the relationship between weapon yield and such factors as total thermal 
energy at any distance, maximum intensity and duration of the thermal 
pulse, thermal efficiency of the weapons (ratio of thermal yield to tot«l 
yield as determined by radiochemical analysis), and the amoont of local 
obscuration caused by the thermal radiation and blast wave. 

JO.though uncertainties are such that the range of weapon yields 
(1-30 ET) is not sufficiently great to allow accurate assessment of 
sealing laws, linear scaling of thermal efficiency and third power time 
scaling of the pulse do not seem to apply. The data reported hez« indi
cate a decrease in thermal efficiency with incireasing weapon yield, 
ranging from about Vi- per cent at 1 £T to about 34 per cent at 30 ET. 
The time to the second maximum of the thermal pulse ranges from apprrac-
imately 100 msec for a 1 ET weapon to about 200 msec for a 30 ET detona
tion. 

The spectral measurements indicate that the thermal radiation 
arriving at the measuring stations peaks in the visible region, with 
about 10 per cent of the energy in the wave length region below 3600 A 
and about 25 per cent in wave lengths beyond 9500 A . Total thermal 
radiation measurements made near ground level indicate that, even before 
the arrival of the shock wave, seriotis obscuration is produced by such 
effects of the radiation as "popcorning" of sand, and smoke produced by 
the burning of ground litter. The thermal energy received by aircraft 
flying above the detonation was appreciably greater than that received 
at equivalent distances along the ground. This increase is primarily 
due to reflection by the ground. 





PBIFiUCE 

The U. S, Maval Radiological Defense Laboratory (USNRDL), partic
ipated in Projects 8,2 and 8.3 of Operation TUME(LEEl-SMPPER. 

The first of these projects concerned measuz«ments of the ten^era-
tures produced in air near the earth's surface in the vicinity of a nuclear 
detonation. The other two each Involved measurements of thermal radiation 
emitted in such a detonation. The work performed under Project 8.2 is 
reported elsewhere. However, no attempt was made to distinguish between 
measurements made for Projects 8.3 and 8.3a, and all thermal radiation 
mesusurements ax>e Included in this report. 

This repoirt includes restilts obtained from the analysis of data up 
to 15 August 1952. Also included for eoq^azlson purposes are results 
from similar measurements made duzdng Operation BUSTER. It is expected 
that the results given are final. With a few minor exceptions, they 
include all data taken in these operations. 
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S|fm^lnformation 

CHAPTER 1 

INTROHJCTION 

1.1 HISTORICAL 

The thermal radiation produced daring a nuclear detonation provides 
one of the principal methods for the dissipation of the tremendous qoao-
tities of energy released. Consequently, it constitutes one of the prime 
sources of damage produced by such a detonation. Therefore, in aoy con
sideration of the effects of a nuclear weapon certain characteristics of 
the thermal radiation emitted are of considerable interest. 

Among the characteristics en which information is needed are the 
total thermal energy, the time variation of the energy, and the spectral 
quality of the energy, all expressed as functions of distance from the 
detonation. Some measurements of these characteristics were atteaqoted at 
nearly all previous nuclear weapons tests. However, the detonations during 
most of the previous operations were from towers. The obscuring dust 
produced by detonations near the ground greatly cooQilicated the results 
obtained during these operations and thus prevented the accumulation of 
sufficient data for accurate extrapolation and generalization of the 
thermal output of the nuclear weapon. 

Operations CROSSROADS and BUSTiS were the only previous operations 
during which extensive thermal measurements were made on air bursts. At 
Operation CROSSROADS very questionable results were obtained; for example, 
the thermal energy turned out to be greater than the total energy. Thus, 
at only one operation prior to the TOMELER-SNAFPER tests have data been 
obtained wliich could be readily interpreted. It was important, therefore, 
to make additional thermal measurements under a variety of conditions and 
for several detonations in order to cheek existing theories, to permit 
the derivation of new theories, and, in general, to improve the chances of 
success All prediction of results of future detonations, particularly of 
very much larger weapons than have baen detonated to date. 

Even if one is able to eliminate the effect of the shock wave in pro
ducing obscuration of the thermal radiation, great care must be taken in 
the interpretation of thermal data obtained relatively close to ground 
zero. Measurements obtained at Operation GREENHOUSE by U.S. Naval 
Radiologieal Defense Laboratory (USNRSL) personnel^ indicated the presence 
of obscuring material at times and distances such that it appeared ques
tionable that the obscuration was produced by the blast wave. Photographs 
taken during Operation BUSTSiy show that the incident thermal radiation, 
through the production of smoke and through "popcoming" of the sand, 
caused a high degree of local obscuration before the arrival of the blast 
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wave. Thus, in any field study of the eff ^ts of thermal radiation, it 
becomes advisable to make thermal measui>ements at stations at which these 
effects are being investigated. 

TOien Project 8.3 was first approved (as Project 8.3 oi 
Lt had as its immediate objective tli& measurement of the char-

rstics of thermal radiation at certain stations at irtiich the effects 
of this radiation were being determined - primarily, on forest fuels, by 
U.S. Forest Service personnel, and on parked aii^raft, by U.S. Air Force 
personnel. Tlhen Operation TUMBLER was first planned, USNRDL personnel 
were ^sked to make measurements of the air teimseratTires in the vicinity 
of the TUMBLER detonations (see Final Report^, Operation TUMBLER, Project 
8.2). At the same time Project 8.3 was approved to measure the incident 
thermal flux at the air temperature stations in order to permit the 
correlation of thermal with air temperature measurements. 

The extensive instrumentation for the sdr temperature measurement 
program provided an excellent opportunity for the measurement of many 
parameters concerning the thermal radiation field not previously inves
tigated. For example, the 55-ft steel towers erected for the teoqjerature 
measurements provided an opportunity for the meastirement of the incident 
thermal radiation as a function of the elevation of the measuring instru
ment. Later an extreme check on the isaportance of this parameter was 
afforded when Project 8.3 was invited to instrument one of the drop aircraft 
Unfortunately, the short period of time available for preparation, and 
the utilization of much of the manpower of the Thezmal Radiation Branch, 
USNRDL, in Project 8.2 woiic prevented the full utilization of the excellent 
opportunities afforded. 

1.2 OBJECTIVES 

The primary objective of Project 8.3 was to measure the total thermal 
radiation and the intensity-time relationship of the radiation as functions 
of distance from the detonation. More particularly, the objectives were: 

1. To measure the total thermal flux and the time-intensity rela
tionship as functions of distance from the detonations, as ftmctions of 
the elevation of the measuring instruments, and as functions of the local 
obscuration caused by dust and smoke in support of Project 8.2 air 
teoperature measurements. 

2. To measxire, in cooperation with Wright Air Development Center 
(WADC), the incident thermal flux at various locations where the effects 
of the nuclear detonations upon parked aircraft were being investigated. 

3. To measure the incident themal flux at various locations at 
which the effects of thermal radiation upon forest fuels were being 
studied. 
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4. To measure the incident thermal flux from the drop aircraft in 
support of the safety program for the dropping of nuclear weapons. 

5. To obtain a rough indication of the spectral breakdown of the 
thezmal radiation by the use of various Coming glass filters to split 
the energy into broad spectral regions. 

6. To measure the effect of thezmal radiation upon certain material 
indicators in order to obtain an indication of the effective thermal energy 
dose as distinguished from the actual thermal energy incident as measured 
by the calorimetric instruments. 

7* To obtain additional data for purposes of checking proposed 
scaling laws for thezmal radiation and for extrapolation to larger 
weapons. 

8. To measure the thezmal radiation received at various stations 
as a function of the field of view of the measuring device. 

9. To obtain a very rough approxifflation of the amount of radiation 
absorbed and reflected by the grotmd by measuring both the incident and 
reflected radiation. Among other things, it was hoped that these measure
ments could give an indication of the amount of heating of the surface, 
and thus of the adjacent air. 
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CHAPTER 2 

INSTRUMENTATION 

2.1 MAKE-UP AND LOCATION OF STATIONS 

During Operation TUMBLER-SNAPPER measurements of thermal radiation 
were attempted with several types of instruments. Prime reliance was 
placed on the disk calorimeter which had proven successful during Opera
tions CaiEENHOUSE and BUSTER. Weston photronic cells were again used to 
measure the initial appearance of the thermal radiation. 

Since there are several advantages to recording directly the 
intensity-vs-time pulse obtained during a nuclear detonation, the opportu
nity was taken to test certain instruments, which, it was hoped, would 
have a time constant short enough to record intensity directly and yet 
would be rugged enough to survive the high intensities e3!5>ected. As only 
a limited number of recorders were available, additional measurements 
were attempted with devices irtiich were self-recording. Two types of such 
devices were used: panels of blackened metal foils similar to those used 
previously by USNRDL, and modifications of the black-ball gas calorimeter 
Tised with some success during Operation BUSTER by the Naval Research 
Laboratory (NHL). 

The thermal measurements made in connection with the air ten^erature 
measurements of Project 8.2, were made on, or adjaceilt to, the 55-ft steel 
towers provided for the Project. These towers were î pa<-oH fit statio^ 
ranging from ground zero to 9000 ft from ground zero. fFor Shots 3 and, 
measurei|ents made at six U.S. Forest Service, Project ̂ tftl, stations ex-
tended the range of measurements out to 20,000 ft from ground zero. 

rypr eaei| p^ <Aa JJicee js|:),9.t̂s j.g | ^ A^ol seven disk calorimeters 
were given to WACC personnelfortoe^S['mealSI%lents at Project 3.1 
stations. Although these instruments were made and calibrated by Project 
8.3 personnel, the installation and recording of data were accomplished 
by Project 3.1 personnel. Finally, three disk calorimeters were mounted 
in the B-50 bomber which served as drop plane for several of the detona
tions. The instruments were installed and operated by members of the 
4925th Test Group (Atomic), but the records were turned over to Project 
8.3 personnel for analysis. 

The make-up and location of the stations at which thermal instru
mentation was mounted by Project 8.3 are summarized in Tables 2.1 through 
2.4. A plot-plgin of a typ̂ '̂ g3 at-flt-inn ifi given in Fig. 2.1. Sch«aatic 
station layouts |for the T^J sad F Areaslbre shown in Figs. 2.2 and 2.3, 
respectively. 
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TABLE 2.1 

Station Locations,/Shot Ij 

Tower 
Station 
F-200 
F-202 

F-204 
F-206 
F-208 

F-210 

Distance 
from GZ 

(ft) 
0 

500 

1.000 
1.500 
2.000 

3.000 

Recorder(*) 
Station 

-
F-220 

-
-

F-221 

-

Recorder 
Number 

-
435 
047 
005 

-
-

436 
437 
438 

-

Calorimeters 
Grade 

-
-
-
3 
-
-
-
-
3 
-

3 ft 
-
-
-
-
-
-
-
-
-
-

10 ft 
-
-
2 
-
-
-
-
2 
-

-

50 ft 
-
3 
-
-
-
-
3 
-
-
-

1ft 
1 
-
3 
-
1 
1 
-
3 
-

1 

Foils 
10 ft 

-
-
1 
-
-
-
-
1 
-
-

50 ft 
-
-
2 
-
-
-
-
2 
-
-

Spheres 
&ade 50 ft 

-
-
1 
-
-
-
-
1 
-
-

Radio-
metersO') 

10 ft 
-
-

ID 
-
-
-
-

ID 
-
-

(a) 
^ ' Recorder stations located opposite corresponding tower stations. 

Cable lengths from instrument to recorder vary from 50-150 ft. 

^^) D = disk radiometer. 

TABLE 2.2 

Station Locations,^hot2/ 

Tower 
Station 
7-200 
7-201 
7-202 

7-204 

7-206 

Distance 
from GZ 

(ft) 
0 

750 
1,500 

3,000 

4,500 

Recorder(*) 
Station 

-
-

7-220 

7-221 

-

Recorder 
Number 

-
-

438 
437 
436 
435 
005 

-

Calorimeters 
Grade 

-
-

-

3 

-

3 ft 
-
-

-

-

-

10 ft 
-
-

4 
1 

-

50 ft 
-
-

-

2 
-

Foils 
1ft 

1 
1 
1 

1 

1 

10 ft 
-
-

-

-

-

50 ft 
-
-

-

-

-

Spheres 
Grade 

1 
1 
1 

1 

1 

50 ft 
-
-

-

-

-

Radio 
metersC*) 

10 ft 
-
-

IW 

2D 

-

(a) 
Recorder stations located opposite corresponding tower stations. 
Cable lengths from instrument to recorder vary from 50-150 ft. 

v°) D = disk radiometer. 
W = fine-wire radiometer. 
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TABLE 2,3 

Station Locations,/Shot 

Tower 
Station 

7-200 

7-202 

7-204 

7-206 
7-208 
7-210 
USFS 
USFS 
USFS 
USFS 
USFS 
USFS 

Distance 
from GZ 

(ft) 
0 

1,500 

3,000 

4.500 
6.000 
9.000 

11,000 
12.000 
13,000 
16,000 
18,000 
20,000 

Recorder(*) 
Station 

-

7-220 

7-221 

-
7-234 
7-222 

-

Recorder 
Number 

-

436 

438 
435 
437 

-
865 
047 

961 

Calorimeters 
Grade 

-

-

3 

-
2 
-

-

3 ft 
-

-

-

-
-
-

3 

10 ft 
-

1 

2 

-
1 
6 

-

50 ft 
-

-

3 
-
2 
-

-

Foils 
I ft 
1 

1 

3 
1 
3 
1 
1 
1 
1 
1 
3 
1 

10 ft 
-

-

1 
-
1 
-

-

50 ft 
-

-

2 
-
2 
-

-

Spheres 
Grade 

-

1 

1 
1 
1 
1 

1 

1 

50 ft 
-

-

1 
-
1 
-

-

Radlo-
meters(^) 
3f t 
-

2D 
IW 

IW 
-

-
-
-

a) 

10 ft 
-

-

ID 

-
-
-

-

(a) 

(b) 

Recorder stations located opposite corresponding tower stations. 
Cable lengths from instrument to recorder vary from 50-150 ft. 

D = disk radiometer. W = fine-wire radiometer. 

TABLE 2.4 

Station Locations,! Shot 4. 

Tower 
Station 
7-200 

7-202 

7-204 

7-206 
7-208 
7-210 
USFS 
USFS 
USFS 
USFS 
USFS 
USFS 

Distance 
from GZ 

(ft) 
0 

1.500 

3.000 

4.500 
6.000 
9,000 

11,000 
12,000 
13,000 
14,500 
16,000 
18.000 

Recorder(*) 
Station 

-

7-220 

7-221 

-
7-234 
7-222 

-

Recorder 
Number 

-

436 

438 
435 
437 

-
865 
047 

961 

Calorimeters 
Grade 

-

-

3 

-
2 
-

-

3 f t 
-

-

-

-
-
-

3 

10 ft 
-

1 

2 

-
1 
6 

~ 

50 ft 
-

-

3 
-
2 
-

-

Foils 
1ft 
2 

2 

1 

2 

10 ft 
-

-

-

-
-
-

-

50 ft 
-

-

-

-
-
-

-

Spheres 
Grade 

-

-

2 

50 ft 
-

-

2 

-

2 
-

-

Radio-
meters(*>) 
3f t 
-

2W 
-

-
-
-

2D 

10 ft 
-

-

ID 

-
-
-

-

^^^ Recorder stations located opposite corresponding tower stations. 
Cable lengths from instrument to recorder vary from 50-150 ft. 

vh) D =disk radiometer. W = fine-wire radiometer. 
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GROUND ZERO •=^«°*°^^ 

1. Blast Tower 
2. Thermal Tower 
3. Tower Instrument 

Support Frames 
4. Surface Instrument 

Support TubeloK 
Frame 

5. Sphere Calorimeter 
(At Grade) 

6. Instrument Shelter 
7. Passive Receivers 

(1-ft ELev) 

8. Calorimeters or 
Radiometers (At 
Grade) 

9. Passive Receiver 
(10-ft ELev) 

10. Calorimeters or 
Radicmeters (10-ft 
Elev) 

11. Sphere Calorimeter 
(50-ft Elev) 

12. Photronic Cell 
(50-ft Elev) 

13. Calorimeters or 
Radiometers (50-'ft 
ELev) 

14. F&ssive Receiver 
(50-ft ELev) 

15. Gtay Wires (left. 
Front Qoly Shows) 

Fig. 2.1 Isometric Drawing of a Typical Station 
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1} 
NORTH 

STA A; 2 ,200 FT 

STA A4i 4 , 0 0 0 FT 

STA B; 8,000 FT 

STA C; 10,500 FT 

O USNRDL STATIONS (PROJECT 8.3) 
a USFS STATIONS "^THERMAL INSTRUMENTATION 
A WADC STATIONS J BY USNRDL 

STA 7-200; GROUND ZERO 

STA 7-201; 750 FT 

STA 7 -202 : 1.500 FT 

STA 7 - 2 0 4 ; 3,000 FT 

STA 7 -206 ; 4,500 FT 

STA 7-208; 6 ,000 FT 

BLAST LINE 

-< 25 FT 

STA 7-210; 9,000 FT 

FT X 10' 

I 2 3 4 5 6 
- I — , ' ,' I 

.25 .50 .75 
MILE 

20,000 FT 

Fig. 2.2 Schematic Station Layout,]T-7 Area 
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STA 210 
3,000 FT 

41 

BLAST LINE 

THERMAL LINE 

STA 208 
2,000 FT 

'INSTRUMENT SHELTER 
STA 221 

SURFACE INSTRUMENTS LOCATED IN SAME 
RELATIVE POSITION AHEAD OF EACH TOWER 

Fig. 2.3 Schematic Station Layout, ) F Area | 

2.2 DISK CALORIMETERS 

2,2.1 Description 

Although the USNRDL field calorimeter was modified slightly 
prior to (}peration 1D1IBLER-SNAFPER, the basic design of the instrument did 
not change (Fig. 2.4). A disk-shaped energy receiver cut from copper and 
blackened on one face with electrolytically-deposited platinum and finish 
coated with catcher black, is exposed to thermal radiation through an 
appropriate filter. The receiving disks, 3/8 in. in diameter, vary in 
thiclmess from 0.020 in. to 0.125 in., the thicknesses being selected so 
that the temperature rise in each disk would never be appreciably greater 
than 150% in order that the heat losses from the disk would ix>t be 
excessive. 

Except in the case of the thickest disk, a thermocouple 
consisting of 5-^1 copper and constantan wire is soldered to the center 
of the unblackened face of the disk. The other end of the thermocouple 
wire is fastened to the reference junction, comprised of massive copper 
blocks housed in the calorimeter case. The electrical signal generated 
by the thermocouple is fed into one galvanometer of a 12-channel Heiland 
oscillographic recorder. 

Each receiving disk is sufficiently thick to give a long 
time constant with respect to total energy measurements, that is, the 
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receiver retains the energy absorbed during the detonation with a mi n1mum 
of heat loss. However, since the thermal diffusivity of the disk is quite 
high, the rate of change of temperature at any point in the disk rapidly 
reaches a constant value for a constant input of energy, that is, the time 
constant for rate of energy received is short and differentiation of the 
recorded energy-vs-time cunre will give an accurate intensity-vs-time curve. 

STANDARD CALORIMETER CASE 
CARTRIDGE (DIELECTRIC) 
CARTRIDGE (METALLIC) 
VARIABLE APERTURE 

1. Std Calorimeter Case and 
Fittings (3-in. OD) ^ 

2. Std Aperture Ring (45° Half-
angle Field) 

3. Filter (Quartz, or Corning 2-58, 
3-69, 7-56, or 0-52) 
DHFTA-9 No. 10 Cable to Recorder 
NRDL Uk 1 Field Calorimeter 
Cartridge 
Variable Aperture Adapter Ring 
Variable Aperture Plates (6°, 12°, 
or 24°) 
Copper Reference Blocks 

4. 
5. 

6. 
7. 

8. 

9. Thermocouple Button 
(0.375-in. D) 

10. Phonograph Needle (Button 
Support) 

11. Thermocouple Lead-in Wire 
(5-<nil Copper) 

12. Thennocouple Lead-in Wire 
(5-mil Constantan) 

13. Drilled and Peened Connec
tion of Lead-in Wires to 
0.125-in. Thickness Button 

14. Soldered Connection of Lead-
in Wires to Thin Buttons 

Fig. 2.4 Cross Section of Field Calorimeter 

The time constant for intensity of each of the receiving 
disks was below the 20-msec time constant requirement as set by the Armed 
Forces Special Weapons Project (AFSWP). In the case of the 0.125-in. disk, 
however, the time constant was quite close to the 20Hnsec limit if the 
thermocouple was attached to the back surface of the disk. To shorten 
the z*esponse time of this instrument, the thermocouple was insez^ed close 
to the geometrical center of the disk through a small hole drilled through 
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the periphery of the disk.* 

The thicknesses of all the receivers used, together with an 
indication of the energies for which these thicknesses were selected, are 
shown in Table 2.5. In this table, column 3 gives the temperature in 
degrees centigrade above the ambient temperature, which the receiver will 
attain when exposed to the energy listed in column 2. Column 4 gives the 
voltage generated at the thermocouple and column 5 gives the voltage which 
the galvanometer records to produce the deflection in coliimn 6. The dif
ference in the two voltages listed is due to the necessity of introducing 
a series resistance into the thermocouple circuits in order to properly 
damp the galvanometer. 

TABLE 2.5 

Galvanometer Deflections for Various Energies and Disk Thicknesses 

Thickness 
(in.) 
0.125 
0.0625 
0.0312 
0.025 
0.020 

Energy 
(cal/sq cm) 

40 
20 
10 
5 
3 

Temperature 

(°C) 
150 
150 
150 
95 
70 

Thermocouple 
Signal 
(mv) 

6.8 
6.8 
6.8 
4.2 
3,2 

Recorded 
Signal 
(mv) 
3.2 
3.2 ' 
3.2 
2.0 
1.5 

Deflection 
(cm) 
4.3 
4.3 
4.3 
2.7 
2.0 

For the measurement of total energy the receiving disks 
were mounted behind quartz filters which transmit in the region between 
approximately 2200 % and 4.5 Ĥ  . A rou^ spectral breakdoim was obtained 
by mounting receiving disks in back of Corning glass filter Nos. 0-52, 3-69, 
2-58, and 7-56. These filters transmit, respectively, from 36008 , 5200fi , 
64008 , and 95008 through 2,5 v- * Transmission curves for all the filters 
used are shows in Figs. 2.5 and 2.6. Diaphragms of various sizes were 
mounted (Fig. 2.4) on the aperture of some of the calorimeters so that 
the effect of the field of view on the energy received could be determined. 

2.2.2 Use as an Intensity Device 

As mentioned above, the energy-vs-time traces recorded by 
the calorimeter circuits may be differentiated to give intensity-vs-time 
curves. This differentiation may be accomplished approximately by reading 
for a short time interval. At, the energy, Aq, recorded during that 

interval and plotting the average intensity for the time interval, -̂ jf, as 
J At 

a close approximation to the true intensity, ̂ . Depending upon the infor-
dt 

* This was done at the suggestion of H. C. Hottel. 
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Fig. 2.6 Transmission Curves of Coming Filters 3-69, 2-58, and 7-56 
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mation desired, the differentiation technique may be carried out in one of 
two ways. The difference between the two techniques depends upon the fact 
that the errors in reading the calorimeter trswjes are of two types; (1) a 
calibration or scale error, which is a constant percentage regardless of 
the magnitude of the deflection, and (2) the reading error, which is constant 
in value and thus varies percentageHHise with the magnitude of the deflec
tion. 

The difference in the two techniques may be illustrated by 
taking as a typical case a trace with a total deflection of 3 cm, which, 
for weapons of a magnitude used in this operation, would have at peak 
intensity a peak deflection rate of about 6 cn/sec, falling off at 2 sec 
to about 2.5 per cent of that value. Using the four-fold magnification 
in a Universal Telereader, T̂ rpe 17A, the error in reading a good Heiland 
galvanometer trace is not greater than ±0,003 cm, Kie reading error for 
the total energy measurements then is 3 ̂  0,003 cm, or 0.1 per cent, a 
negligible value. 

However, as a time resolution of 20 msec is desired, the 
intensity curve must be based upon the deflection of the galvanometer 
during a 20-msec interval. At peak intensity, the error in this deflec
tion wo\ild amount to 6 cm/sec x 0.02 sec = 0.12 cm, and this value would 
be known to±0.003 cm, an error of ±2.5 per cent. However, at 2 sec the 
deflection during the 20-msec interval would be only 0.0Q3 cm, and the 
uncertainty, then, would be equal in magnitude to the deflection itself. 

If one restricts the need for a 20H&sec time resolution to 
the interval around the peak intensity, where most daoiage is produced, it 
is possible by proper selection of A t to maintain a fixed percentage 
error in the intensity value. Thus, if time intervals are chosen so as 
to maintain the energy interval found at peak intensity, 0,12 cm in the 
exanqple above, the uncertainty in the energy for the time interval will 
remain constant and thus the uncertainty in the intensity will remain 
constant. This procedure gives the average intensity fairly accurately 
for the time interval over which the measurement is made. 

In obtaining intensity-time curves, rectangles representing 
the time interval selected and the corresponding error in the intensity 
for each point may be plotted rather than the point itself. This procedure 
has the added advantage of having the long axis of the rectangle of 
uncertainty lie parallel to the curve in regions of slowly changing 
slope, thus simplifying the drawing of the curve, 

2,3 DISK RAPICMETER 

2,3.1 Historical 

The use of the thick copper disk as a receiving element for 
measuring the inteng^ty of the thermal radiation from a nuclear detonation 
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was a secondary consideration in the original design of a disk calorimeter. 
The concept and the validity of differentiating the total energy curve 
recorded by the calorimeter to obtain a rate curve originated daring Oper
ation SIEEHHOUSE, However, the procedure is laborious and cannot very 
well be done in the field, An elaborate reading instrument is required 
in order to read the original traces with sufficient accuracy for the 
differentiation. The effect of electrical noise upon the i«cord is dis
astrous when differentiation is attempted. 

There has long been a need for a device which would i«cord 
directly the intensity of the thermal pulse obtained in the field, and 
shortly after Operation BUSTSR a limited amount of work was initiated in 
this direction both at USNEQL and at the Massachusetts Institute of 
Technology (MIT), The woric was reviewed at the January, 1952, meeting of 
the AFSnP panel on thermal radiation and it was agz>eed that USI3RI2L would 
attempt to test a new type of radiometer during Operation TUMBLER^SMAPPER, 
At that time H, C. Hottel, ̂ of MIT, turned over to USHREL a prototype of 
an instrument which was used during Operation TOMBLEE-SNAPPIII, Several 
similar instruments were built at USNRDL and also tested daring these 
operations. 

2.3.2 T3escription of the Instrument 

The design proposed by H, C, Hottel was adopted because it 
was fairly, easy to construct and, once made, proved to be very rugged for 
field use, A cross section of the radiometer is given in Tig, 2.7. The 
receiving element is a thin disk of constantan foil which covers a small 
hole drilled in a massive block of copper. The foil is held in place by 
an annular ring secured to the block by aligning screws, A very thin 
copper wire is soldered to the center of the back surface of the foil to 
provide the thenno-electric hot junction. The junction of the constantan 
foil and the massive copper block constitutes the cold junction. The 
energy absorbed by the foil rapidly dissipates into the block, so there 
is a relatively small tenŷ erature increase in the foil and a negligible 
rise in the ten5)erature of the surface of the copper block, Bie central 
copper wire is fastened to a terminal in an insulated block at the back 
of the massive copper piece, A second terminal is made in the copper 
block and these two terminals are connected through appropriate resistances 
to the Heiland galvanometer. After the instrument is assembled, the front 
surface of the constantan foil is blackened with can^hor smoke. 

2.3.3 Calibration of the Disk Radiometer 

According to H, C. Hottel, a theoretical calibration constant 
can be determined for these instruments by the use of the following 
equation for the steady state condition: 

AT - r̂  
I hSJ' 
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where I = Intensity of the absorbed radiant energy, 
A T = Tenqjerature difference between the edge and the center of the 

foil, 
r = Radius of the circular foil as defined by the radius of the 

hole in the copper block, 
T = Thickness of the foil, and 
K = Thermal conductivity of the foil. 

^M STANDARD CALORIMETER CASE 
• i CARTRIDGE (DIELECTRIC) 
^3 CARTRIDGE (METALLIC) 

DETAIL OF THERMOCOUPLE 

1, Std Calorimeter Case and 
nttings (3-in, OD) 

2, Std i^erture Ring (45® Half-
angle Field) 

3. Filter (Quartz or Coming 2-58) 
4. DHFTA-9 No, 10 Cable to 

Recorder 

5. MIT Foil Radiometer Cartridge 
6. Secondary J^erture and 

Pressure Plate 
7. Copper Reference Block 
8. Constantan Foil 
9. Copper Lead-in Wire 

10, Lead-in Soldered to Foil 

Fig, 2,7 Cross Section of Disk Radiometer 

The calculated sensitivity for the instrument (MIT-3) given 
A •a 

to USNRDL, is --i = 5.8®C/cal/s<l cî /sec. The sensitivity as determined 
ejiperimentally at MIT was 2,9°C/cal/sq cm/sec. The front surface of 
the MIT-3 radiometer was blackened before use at USNRDL, Recalibration 
at that time gave a sensitivity value of 8,0OC/cai/sq cm/sec. The latter 
value has been used in the reduction of all field data. 

An estimate of the time constants for the instruments can le const 
be detennined from the equation, 7= ^o^ » where C_ and p are the specific 

PK P 

heat and density, respectively, of the receiving element (the other 
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quantities have been previously defined), Values of the time constant 
for the MIT-3 radiometer are as follows: theoretical, 0,0034 sec; 
experimental MIT, 0.012 sec; and experimental USNRDL, 0,013 sec. It may 
be seen that the experimental time constant is well below the requirement 
of 20 msec, 

2,4 FINE-TORE RADIOMETER 

2.4.1 Description 

The fine-wire radiometer used in Project 8,3 was inspired 
by the thermocouple devices used in the air temperature measurements of 
Project 8,2. For the air temperature measurements the heated edr weis 
drawn past a fine-wire silver-constantan thermocouple which was shielded 
from the thermal radiation. For the intensity measurements a similar fine-
wire thermocouple is exposed to the fire ball and cooled by a high-velocity 
stream of air from a constant-temperature air supply. 

The thermocouple was made of 2-mil constantan wire, half the 
length of which had been silver-plated, and was mounted adjacent to the 
end of a Pyrex tube in such a way that the silver'-constantan junction was 
centered in the tube opening. The thermocouple reference junctions con
sisted of large brass blocks mounted inside a metal shield. Figure 2.8 
shows a cross sectional view of the instrument. The output of the thermo
couple is again recorded on a channel of the Heiland recorders used for 
the other Project 8,3 measurements. The entire recording circuit (except 
for a small portion of the thermocouple exposed to the thermal radiation) 
is electromagnetically shielded. 

The cooling air was supplied by a 20-cu-ft compressed air tank 
buried in the ground behind the instruments, Ihe air flow was controlled 
by means of a solenoid operated through an Agastat relay circuit similar 
to those used for the Project 8,2 tein9)erature measurements. 3y maintaining 
a high air flow past the wire, the net heating of the wire upon absorption 
of the thermal radiation may be kept to reasonable values, and the time 
constant of the system is considerably reduced. 

2.4.2 Theory 

For any radiant flux incident a heat balance is established 
between the heating effect of the thermal radiation and the cooling of the 
air stream. The general expression for the heat balance is: 

alDL = Cp77-&/)^ + h7rDL(T - Ta), (2.1) 
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1, 4-11/16 in. Square E3.ectrical 
Junction Box 

2, Brass Reference Blocks 
3, M!FrA-9 No, 10 Cable to Recorder 
4, Air Supply (Rubber Hose, 

V4-in. ID) 
5, 3A-in, Flexible Metallic Conduit 
6, Pyrex Nozzle Tube 
7, Thermocouple Lead-in Wire 

(Constantan) 
8, Thermocouple Lead-in Wire 

(Copper) 

9, Thermocouple Identification 
Tag 

10. Nozzle Guard (3/4-in. IPS 
Pipe Cap) 

11. Dielectric Tape 
12. Silver-plated Constantan Wire 
13. 0.002-in. D Constantan Wire 
14. Nozzle Notched to Receive Wire 
15. Thermocouple Wires Soldered 

to Lead-in 
16. 3/4-in. IPS Nipple 
17. Nozzle Mounting Block 

Trtiere a 
I 
D 
L 

P 
T 
t 
h 

^a 

Fig. 2.8 Cross Section of Fine-wire Radiometer 

= Absorptivity of the wire, 
= Irradiation (cal/sq cn/sec), 
= Diameter of wire (cm), 
= Length of wire (cm), 
= Specific heat of wire (cal/g/°C)> 

= Density of wire (g/cu cm), 
= Temperature of vdre (°C), 
= Time (sec), 
= Forced convection heat transfer coefficient for the wire 
perpendicular air flow (cal/sq cm/°C/3ec), and 

= Air temperature C C ) . 

in 

From Equation 2.1 it may be seen that the temperature rise 
of the wire may be expressed by: ' 
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- Ah t 

* TTh 

Under equilibrium condition the sensitivity of the instru
ment is given by: 

T - T 

— i a = -S- (2.3) 
I TTh 

The time constant, T*, of the wire can be obtained from 
the exponent of Equation 2,2: 

C P D 
r= -£-- sec (2,4) 

4h 
An expressljsn for the heat transfer coefficient, h, can be 

obtained from MeAdams:̂ L2r 

M = 0,32 + 0,43 ( 2 0 ) 0,52 (2.5) 
k *^ 

iihere M = Nosselt^s number (consistent units), and 

SSLL = Reynold's number (consistent units). 

For air at 2 0 ^ at a velocity of 450 ft/sec and for a 
2.4-4ail (0.006-cm) constantan wire. Equation 2.5 reduces to: 

h = 0,14 cal/sq eV°C/sec (2»6) 

Substituting this value for h in Equation 2,4> and assuming 
C_/)D 
r = 0,0014 for the constantan wire, 
4 

7"= 0,010 sec = 10 msec (2,7) 

For an air velocity of 450 ft/see, and a wire absorptivity 
of 0,20, the sensitivity of the instrum^t becomes: 

T - T 
Si = 0,46OC/cal/sq cm/sec (2.8) 

Since the thermocouple devices were developed for use in 
the air ten^erature measurements of Project 8,2 and adapted at the last 
minute for use as radiometers, no eallbfation other than the theoretical 
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one was atten^ted. Because all the equipment was available for testing in 
the field, the instruments were Installed as a check on the practicality 
of their operation. It was hoped that these radiometers would provide one 
additional curve of intensity vs time for comparison with those obtained 
with the other instruments, 

2.5 PASSIVE-RBCEIVER PANELS 

During Operation TUMBLER-SNAPPER, measurements were made with panels 
of blackened metal foils similar to those used at Operations OREEMHOUSE 
and BUSTER. The panels, made from the Operation OREENHOUSE panels by 
cutting them in half, were 8 x 10 in. in size, having 25 holes 15/16 in, 
in diameter drilled into the face covered by a 6-l/2-in. square Coming 
No, 0-52 or 9-54 filter, A complete description of these panels was 
given in the report on Operation GREENHOUSE. 

The indicating materials used in these panels were cadmium, tin, 
lead, silver, and copper foils blackened with chemically or electrolytically 
deposited, finely divided metals. For each metal in each panel a range 
of thicknesses was exposed such that all expected values of energy from 
the detonation would be sufficient to melt some, but not all, of the foils. 
For each foil a curve relating the critical energy for melting, that is, 
the minimum amount of energy necessaxy to just melt through the foil, to 
time of exposure to the thenoal radiation was determined in the laboratory 
(typical calibration curves are shown in Fig. 2.9). Thus, each series of 
foils serves as an instrument which, although it cannot measure exactly 
the radiation received, can closely bracket this value, if the time of 
exposure is known. Of course, it is necessary to obtain the time of ex
posure from one of the dynamic instruments. 

The copper and silver foils were blackened essentially as they were 
for Operation GREENHOUSES/, tin and cadmium as for Operation BUSTER2/, and 
lead with a copper-antimony black as described elsewhere2/. The reflectance 
characteristics of the metals after blackening have been reported pre
viously, but may be stimmed up as follows: the blackened foils absorb at 
least 96 per cent of the incident radiation of wave length 0,2 to 1 |ji, at 
least 94 per cent from 1 to 1.5 fi- and at least 85 per cent from 1,5 to 
2,0 |JL. 

The metals used were grouped into two total energy ranges of three 
metals each and an upper range of two metals. For the range 0,5 to 30 
cal/eq cm, cadmium, tin, and lead were used; for the range 30 to 70 cal/aq 
cm, silver, cadmium, and lead were used; for energies above 70 cal/sq cm, 
silver and copper were used with silver in two geometries to give an 
additional check. 

The passive-receiver panels were exposed for two reasons. Since an 
energy measurement made with the foils depends upon an effect produced 

ATOMIC 
RESTRICTEIHIATA 



^ ^ m l t y Information 

upon the foils, and since this effect will not be produced at intensities 
below a certain critical intensity, the foils measure effective, rather 
than the true, total energy. Where measuirements were made with the foil 
panels at stations at which measurements were also made with other instru
ments, the measurements served as a check of the degree to which this 
effective energy approximates the true energy. 
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Fig, 2,9 laical Calibration Carves for Passive Receivers 

Since the shape of the thermal pulse varies with the yield of the 
weapon, and since the energy in a long, low-intensity pulse would not be 
effective in producing damage to the foils, it was expected that the ratio 
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of effective energy to true energy would decrease with inci^asing yield. 
Having established a ratio of effective to true energy for a particular 
weapon, the foil panels could then be used to provide an indication of a 
value of true thermal energy at stations at which no recording channels 
were available for obtaining the true value directly. 

The total number of pamels exposed duidng.the,.four shots was 60: 
the first snot. ;> mlMlJecond, 24 oTthLtMrd^^d'15: oV^ 
For eacn panel position a value of expected energy was calculated 

an energy range for each panel was found by multiplying this expected 
value by 0,3 and 1.3 for the 0,5- to 30-cal/s<l cm range, 0,25 and 1,5 for 
the 30- to 70-cal/sq cm range, and 0,21 and 1.7 for the range extending 
upwards from 70 cal/aq cm. For each of these r6Uiges a geometrical progres
sion of eight steps of energy values was calculated between the limits of 
the range. Based upon the laboratoiy calibrations, corresponding thick
nesses of the three metals were determined after making assumptions on 
field pulse time. Some simplification was accomplished by grouping almost-
equal thicknesses and similar panels. 

It was found that all of the ranges fell nicely into 11 groups, thus 
reducing the complexity of fabrication by a large factor. The 60 panels 
used included 27 thicknesses of cadmium ranging from 0.8 to 62 mil, 23 
thicknesses of tin from 0.6 to 43 mil, 26 thicknesses of lead from 0,8 to 
55 mil, 19 thicknesses oi silver from 1 to 125 ail* and 22 thicknesses of 
copper from 1,1 to 80 mil. With a few exceptions the geometry of the 
receivers was the same as that used in the previous operations: 13/l6-in,-D 
disks with apertures which permitted them to receive radiation on an area 
of 3/8-in. D in the center. The foils were also exposed in two other types 
of geometry. Strips 13/16 in, long and 1/8 in. wide were used in the high 
energy, range as a third indicator. Disks 13/32 in. in diameter, attached 
to the insulating washers by three tabs, l/l6 in. wide and 3/16 in. long, 
were incorporated into the lowest-energy panels, since they are more 
sensitive than the standard size disk. 

2,6 SPHERl:; CALORIMETERS 

The sphere calorimeter has been designed by NRL personnel and used 
by them during Operation BUSTER - JANGLE, A photograph of the instrument 
is shown in Fig. 2,10. Its principle of operation is based on the general 
gas law. The gas is air, endosled (at constant volume) in a copper sphere. 
The air is heated when thermal radiation falls on the sphere. The resulting 
incirease in pressure of the air moves a beryllium-copper diaphragm in the 
bottom of the sphere. The deflection of the diaphragm is measured by a 
dial indicator. The indicator is mounted below the diaphragm in such a 
manner that the contact point of the indicator rides on a button in the 
center of the diaphragm. The indicator is so constructed that it registers 
movements in a positive direction only. To prevent spurious readings due 
to diurnal fluctuations of temperature and pressure, a slow leak is 
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provided in both the sphere and the bottom cover. 

Atfp 

% 

1, Dial Indicator 
2, Diaphragm and Indicator Case 
3, Base Bracket 
4, Breather Connection Fitting 

5. Guard Ring 
6. Desiccator KLug 
7. Breather Aperture Washer 
8. Sphere 

Fig. 2.10 Sphere Calorimeter 

With considerable care and effort reasonable data were obtained 
during Operation BUSTER, but the Operation JANGLE results were not as 
satisfactory. The instruments were calibrated by NRL personnel and 
transfenred to USNRDL personnel at the Nevada Proving Grounds during 
Operation TUMBLER. Since the instruments were still in the development 
stage, and since Project 8.3 personnel did not have time to familiarize 
themselves with the operation of the device, not too much hope was held 
for successful performance during Operation TUMBLER-SNAPPER, However, it 
was expected that e:!g)erience with the calorimeters daring this field oper
ation would promote successful use of these devices in future operations, 
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2,7 CIRCUITS 

TWo types of electrical circuits were involved in this operation: 
the power and signal circuits on which all instruments were operated, and 
the recording circTiits through which the electrical impulses produced by 
the thermal radiation detection devices were i^corded by the Heiland 
galvanometers. All power required to operate the instrtmients was provided 
by 24-v aircraft batteries located in the instrument shelters. All 
recorders were activated by the minus 5-sec EG&G signals which actuated 
secondary relays used to close the power circtiits. In the power circuits, 
Agastat time-delay relays were tised to close the circuits, hold them 
closed for predetermined periods of time and then to open them. For 
recording of thermocouple outputs, a completely shielded circuit, properly 
grounded, was made up of two-conductor armored cable (the armor served as 
a shield) between the calorimeters and a closed junction box in the instru
ment shelter, and between the junction bcoc and the Heiland recorders. The 
junction box was used to mount appropriate resistors, to obtain proper 
sensitivity and damping for the galvanometers, and as a convenient place 
for applying electrical calibration signals. As a check on the protection 
offered by the armored cable, several other types of cables were used at 
the 10-ft elevation at Station 7-202/^^SOS£StJ The types of cable oised 
were Romex, Romex in flexible metallic conduit, and twisted bell wire. 

Since instrument shelters were provided at each station at nhich 
dynamic instrumentation for Project 8,3 was placed, no extremely long 
lengths of cable were used for the Project 8.3 instruments. The same 
recorders were used for this project as for Project 8,2 measurements. For 
the instruments mounted on the tower the armored cable was run down the 
inside of the tower post, thence into 2-ft trenches and into the instru
ment shelters. For the instruments mounted on the Tubelox racks, the 
cable was again run in trenches to the instrtiment shelters. A block 
diagram of a typical electrical circuit is shown in Fig. 2.11. 

2.8 MOUNTING 

For maximum ease and flexibility all instrument mounts were designed 
to fasten to 2-in.-0D Tubelox pipe. All instrumentation on the towers was 
supported by horizontal Tubelox lengths attached by U-bolts to the 6- x 6-ft 
mounting frames provided at the 10- and 50-ft elevations on the towers. 
Surface-inounted instruments were supported and anchored by a p«d.r of 6- x 
6-ft right-angle "A" frames set in the ground 3 ft apart with their bases 
parallel to the blast line and their apices 2 ft above grade. The instru
ments were mounted on stringers across the sloping front face of this frame
work. Standard 8-in.-D Tubelox base plates were attached by bayonet fittings 
to the four legs of the framework. The base of each frame was buried in 
the ground at distances 55 ft to the left and 32 ft forward (toward ground 
zero) of the corresponding thermal tower. 
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1. 12-channel 24-v Heiland 
Oscillograph Recorder 

2. "Agastat** Time Delay Relay 
3. Recorder Test Sviteh 
4. «EG8EG" Signal Relay 

5. 24-v, 51-amp-hr Batteries 
6. Recording Circuit Junction Boxes 
7. Inqjedance Matching Resistors 
8. DHFTA-9 No. 10 Cables to 

Calozdmeters 

Fig, 2,11 Circuit Diagram of Typical Instrument Station 
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A view of a typical grade-level installation is given in Fig. 2,12, 
The mounting of the instruments at the 10- and 50-ft elevations on the 
tower is shown in Figs, 2,13 and 2,14, respectively. An over-all view of 
the complete installation is given in Fig. 2.15. In this figure the 
ground installation can be seen in the lower right hand comer. 

"to* * 

Fig. 2.12 Typical Ground Level Installation 
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Fig, 2,13 Typical 10-ft Installation Fig, 2,14 TJrpical 50-ft 
Installation 

Fig. 2,15 T!ypical Station 
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CHAPTER 3 

CALIBRATION 

3 , 1 GENERAL 

The procedures used to calibrate the field instruments were of two 
essentially independent types: thermal and electrical. The thermal cali
brations concerned the thermal properties of the measuring instrument 
itself, and were usually made by a comparison of the response of the 
instrument being calibrated with the known response of another instrument 
or laboratory standaz^. This coo^arison could involve visual observation 
of damage, as in the case of the passive receivers, or measurement of 
thermoelectric output, as in the case of the disk calorimeter or radio
meter. Since there was little likelihood of a change in the thermal 
properties of the instruments after assembly, the thermal calibrations 
were generally performed in the laboratory, both before and after the 
field phases of the operation, vd.th some check calibrations in the field. 

In the case of the disk calorimeters and the radiometers, the 
thermal pulse generates an electrical signal. This signal is carried by 
a circuit and recorded by a galvanometer which is not part of the detection 
device. An electrical calibration is necessary in addition to the thermal 
calibrations. The electrical calibration took into account the character
istics of the electrical circuit used to record the thermoelectric signal 
generated by the particular detection device. Consequently, this type of 
calibration was performed in the field using the circuits that were used 
during the test itself, 

3.2 THERMAL CALIBRATIONS 

The laboratory source and apparatus used for the thermal calibration 
of the instruments have been previously described^i^/. Briefly, the exposvire 
equipment consists of a Navy 36-in. searchlight as a souixje of nearly par
allel radiation, and a second searchlight mirror to collect this parallel 
radiation and bring it to a focus to form an image of the carbon. Exposure 
times are controlled either by a high-speed air shutters/, or by using a 
sweeping technique, i.e., by rotating the source so that the focused image 
sweeps past the exposure aperture. Primary measurements of the energy . 
delivered by the source were made with an absolute water-flow calorimeteriS/. 
The source was then used to calibrate certain secondary calorimetersiir, 
similar in design to those used in the field. A further check is obtained 
by comparing the experimental calibration of the secondary calorimeters 
with theoretical calculations based upon geometrical considerations and 
the properties of the calorimeter receiver, 
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All of the instruments were given check calibrations in the field 
using a portable calibrator consisting of a 1,500-w Wolfram projection 
lamp and a 29-cm elliptical mirror with foci at 16 and 25 cm from its 
vertexl/. This portable calibrator was also use^ for the primary cali
bration of some of the USNRDL disk radiometers. 

3.3 ELECTRICAL CALIBRATIONS 

Since it is Impossible to set up in advance exact duplicates of the 
unknown field circuits, it becomes necessary to make electrical calibra
tions in the field. Because of the vast number of circuits to be cali
brated in a limited time and with limited personnel, the Instruments Branch, 
Nucleonics Division, USNRDL, was asked to construct a calibration set that 
would maintain a high degree of accuracy imder the strain of rough handling 
and field conditions. 

The test set provided was capable of both the measurement of resist
ance, with a bridge circuit, and the generation of voltage signals from a 
low-impedance voltage generator. The set consisted of a Leeds and Northrup 
24-ohm galvanometer, a Standard cell, a Burgess l-l/2-v dry cell, and 
necessary switches and resistors. One circuit pirovides voltage signals 
of 1, 2, 3, 4, 5, 10, 20, and 30 mv with an accuracy of 0,005 mv for an 
external resistance range of 20 to 110 ohms. A second circuit consists 
of a resistance bridge capable of an accuracy of 0.1 ohm over a range from 
0 to 100 ohms. The voltage generation circuit is used for calibration 
purposes and the resistance bridge for the adjustment of circuit resist
ances to obtain proper damping for the galvanometer used for recording 
the signal. A circuit diagram is shoim in Fig. 3.1.. 

For circuit calibration, the field circuit was opened in the junction 
box, and the test leads attached so that the test set nas connected in 
series in the circuit. The Heiland recorder was started and a calibration 
performed. This same procedure was followed for the other circtiits of the 
recoixier until all 12 circuits had been calibrated, the total process 
taking a little more than 10 min. Use of the test set made it possible to 
make calibrations in a short interval of time, an advantage that was 
particularly suited for the highly radioactive areas encountered in check 
calibrations made on the recovery trips following a detonation. 

After the recording paper was developed, the calibrations were 
easily identified and measured. A typical set of calibrations takes about 
10 ft of recorder paper and can thus be run on the same roll of paper that 
is used daring the actual test. The individual circuit calibration gives 
the deflection of the galvanometer produced by the voltage applied to the 
actual field circuit. For each circuit, the set of calibrations gives 
the degree of linearity of scale over the range of voltages to be encountered 
during the detonation, A typical calibration trace is shown in Fig, 3*2, 
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3.4 FIFTiD CALORIMETERS 

The 36-in. searchlight source 
has a high degree of convergence 
(cone of approximately 60° half-
angle). The geometry of the cali
brating equipment necessitated expo
sure of the receiving disk of the 
field calorimeter with filter removed, 
A further complication introduced by 
the high convergence vr&s the fact 
that exposure of the field calorim
eters, especially those with thick 
receivers, directly to this beam woulc 
result in a fairly large amount of 
energy striking the edges of the 
receivers. In order to eliminate the 
necessity for correcting for edge 
effects, a new apertviz*e plate was 
designed for the Mark VI laboratory 
secondary calorimeter which would 
also accommodate the field calorim
eters. The aperture diameter and the 
aperture-receiver spacing were 
adjusted so that all the energy 
passing through the aperture hit the 
front surface of the receiver in both 
the laboratory and field instruments. 
The calibration factor of the field 
calorimeter is: 

A, V, 
k (cal/sq cm/mv) = -i . _i 

where A- = Area of Mark VI aperture 
when calibrated against 
absolute water-flow calo
rimeter (sq cm), • 

A2 = Area of field calorimeter 
receiver (sq cm), 

V- = Signal from Marie VI when 
exposed to beam (mv), 

Vg = Signal from field calo
rimeter when exposed to 
beam (mv), and 

k. = Calibration constant of 
Mark VI (cal/sq cVJuv). 

Fig. 3.2 San^le Calibration 
Record Obtained with 
Test Set 
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It is evident from the equation that this type of calibration neces
sitates an accurate measurement of the receiver area. However, it is felt 
that this measurement can be made much more accurately than aqy type of 
correction for edge effects. 

The signals produced by both the laboratory and field calorimeters 
were recorded, through a voltage divider, on a Brown ELectronik Potenti
ometer with ranges of 0 - 0,5 and 0-2,5 mv. In order to keep the decay 
corrections small, exposure times of 1 sec or less were used on all but 
the thickest (125-mil) disks, for which an exposure time of 2 sec was 
used. As the pen speed of the recorder was such that the pen would travel 
full scale in approximately 3.3 sec, the voltage divider was adjusted so 
that the deflection was about 1/3 full scale. Using this technique, 
equilibrium temperatures were established and recorded in a little over 
1 sec for all cases except the thickest disks. The decay corrections in 
the calibration were therefore never more than a few per cent. Each 
calorimeter was calibrated at two energy levels in order to determine the 
influence of the change of thermoelectric power with tea^erature. 

In addition to the experimental calibration, a theoretical calibra
tion was made \>j weighing each disk and measuring the thermoelectric 
output of the thermocouple wire used. From this data, and taking the 
heat capacity of copper as 0.093 cal/g/°C and an absorptivity of 1 for 
the blackened face, the theoretical calibration factor was obtained from 
the formula: 

k (cal/sq cm/mv) = MS., 
AE 

where M = Mass of receiver (g), 
A = Area of receiver (sq cm), 
C = Heat capacity of copper (cal/g/°C), and 
E = Average thenaoelectric power of the copper-constantan thermo

couple over applicable temperature range (mv/°C). 

Table 3.1 gives the results of the experimental and theoretical 
determination of the calibration factor. Columns 2 and 3 give the 
experimentally-determined calibration factor for the two energy levels. 
Columns 4 and 5 give the experimental calibration factor per gram, and 
coltmins 6 and 7 give the theo3?etically-calculated calibration factor per 
gram using an average thermoelectric power over the temperature rise 
produced by the two energy levels. Coltunns 8 and 9 are the ratios of the 
experimental to the theoretical calibration factors. It can be seen that 
in no case is there as large a difference as 10 per cent between the 
experimental and theoretical factors and on the average the difference is 
only a few per cent, Colvunn 10 is the average experimental calibration 
factor used. 
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TABLE 3 . 1 

Thermal Calibration Factors for Disk Calorimeters 

1 Cal. No. 

Red 2 
3 
4 
5 
8 
9 

10 
12 
13 
14 
15 
16 

Black 1 
2 
4 
5 
7 

9 

White 1 
2 
3 
4 
5 

Grey 1 
2 
3 
4 
5 
6 
7 

Exp. Calib. Factor 
(cal/sq cm/mv) 

High 
EnergyC*) 

5.28 
5.67 
5.67 
5.92 
5.64 
5.79 
5.43 
5.64 
5.58 
5.33 
5.38 
5.22 

3.15 
3 .21 
3.03 
3.01 
3.19 
3.15 
3.14 

1.43 
1.46 
1.45 
1.45 
1.42 

1.16 
1.18 
1.09 
1.13 
1.07 
1.18 
1.12 

Low 
Energy<'') 

5.97 
6.01 
6.22 
6.24 
5.81 
6.25 
6,18 
6.18 
5.91 
5.60 
5.51 
5.32 

3,32 
3.40 
3.17 
3.11 
3.20 
3.20 
3.10 

1,44 
1,53 
1.55 
1.62 
1.49 

1.15 
1.18 
1.13 
1.20 
1.10 
1.24 
1,14 

Exp, Calib, 
Factor per (kam 

of Receiver 
(cal^q cmMv/g) 

High 
Energy 

2,64 
2.67 
2.82 
2.75 
2,74 
2.73 
2.62 
2.71 
2.66 
2.68 
2.65 
2.73 

3.06 
3.11 
2.94 
2,90 
3.07 
3.06 
3.08 

2.82 
2.87 
2.82 
2.85 
2.77 

3.00 
2.96 
2.82 
2.90 
2,77 
2,99 
2.90 

Low 
Energy 

2.98 
2.84 
3.10 
2,90 
2.82 
2.95 
2.98 
2.97 
2.81 
2.82 
2.72 
2.79 

3.22 
3.30 
3.07 
2,99 
3.08 
3,10 
3.04 

2,84 
3 ,01 
3,02 
3.18 
2.91 

2,98 
2,96 
2.93 
3,08 
2,85 
3,14 
2.95 

Theo. Calib, 
Factor per ftam 

of Receiver 
(ca ] /^ cm/tnv/g) 

High 
Energy 

2,86 
2.86 
2.86 
2.86 
2.86 
2.86 
2.86 
2.86 
2.86 
2.86 
2.86 
2,86 

3.00 
3.00 
3.00 
3.00 
3.00 
3,00 
3.00 

2.93 
2.93 
2.93 
2.93 
2,93 

2.82 
2.82 
2.82 
2.82 
2 ,82 
2.82 

|2,82 

Low 
Energy 

3.00 
3,00 
3.00 
3,00 
3.00 
3.00 
3.00 
3.00 
3,00 
3.00 
3.00 
3.00 
Av- -

3 ,11 
3 .11 
3.11 
3.11 
3.11 
3,11 
3 ,11 
Av— 

3.11 
3,11 
3,11 
3.11 
3.11 
Av - -

3,06 
3,06 
3.06 
3.06 
3.06 
3.06 
3,06 

Ratio of Exp, 
to Theo. Calib. 

Factor 

High 
Energy 

0.92 
0.93 
0.99 
0.96 
0.96 
0.96 
0.92 
0.95 
0.93 
0.94 
0.93 
0.96 
0.95 

1.02 
1.04 
0.98 
0,97 
1.02 
1.02 
1.03 
1.01 

0.96 
0.98 
0.96 
0.97 
0.95 
0.96 

1,06 
1.05 
1.00 
1,03 
0.98 
1,06 
1.03 

Low 
Energy 

0.99 
0.96 
1.03 
0.97 
0.94 
0.98 
0,99 
0.99 
0.94 
0.94 
0.91 
0.93 
0.96 

1.04 
1,06 
0.99 
0.96 
0,99 
1.00 
0.98 
1.00 

0.91 
0.97 
0.97 
1.02 
0.94 
0.96 

0.97 
0.97 
0.96 
1,01 
0.93 
1.03 
0.96 

Av. Exp. 
Calib. Factor 

(r-al/«q cm/mv) 

5.62 
5.84 
5.95 
6.08 
5.72 
8,02 
5.80 
5.91 
5.74 
5.47 
5.45 
5.27 

3,24 
3.30 
3.10 
3.06 
3.20 
3.18 
3.12 

1.44 
1.50 
1.50 
1.54 
1.46 

1,16 
1.18 
1.11 
1.16 
1.08 
1,21 
1.13 1 
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TABLE 3.1 (Continued) 

Thermal Calibration Factors for Disk Calorimeters 

Cal, No, 

8 
9 

10 
11 
12 
13 
14 

&ass 1 
3 
6 
8 

Exp. Calib. Factor 
(cal/sq cm/mv) 

High 
Energyt^J 

1.14 
1,11 
1.16 
1.19 
1,11 
1.10 
1.14 

0.94 
0.97 
0.95 
0.93 

Low 
EnergyC*) 

1.17 
1.22 
1,23 
1,15 
1,18 
1.16 
1.18 

0.98 
1,10 
1,02 
0.93 

Exp. Calib. 
Factor per Gram 

of Receiver 
(cal/4q cmAnv/g] 

High 
Energy 

3.00 
2,79 
2.93 
3.06 
2.85 
2,85 
2.95 

2,99 
3.05 
3,06 
2.99 

Lovir 
Energy 

3.08 
3.06 
3.11 
2.96 
3.03 
3.00 
3.06 

3.12 
3,46 
3.28 
2.99 

Theo. Calib. 
Factor per Gram 

of Receiver 
(cal/^q cm/inv/g) 

High 
Energy 

2.82 
2.82 
2.82 
2.82 
2.82 
2.82 
2.82 

3.04 
3.04 
3,04 
3,04 

Low 
Energy 

3.06 
3,06 
3.06 
3.06 
3.06 
3,06 
3.06 
A v — 

3,20 
3,20 
3,20 
3,20 
Av- - -

Ratio of Exp. 
to Theo. Calib. 

Factor 

High 
Energy 

1.06 
0.99 
1.04 
1.09 
1.01 
1,01 
1.05 
1.03 

0.98 
1,00 
1.01 
0.98 
0,99 

Low 
Energy 

1,01 
1.00 
1,02 
0.97 
0.99 
0.98 
1.00 
0.98 

0.98 
1,08 
1.02 
0.93 
1,00 

Av. Exp. 
Calib, Factor 

(cal(^q cmfev) 

1,16 
1.16 
1.20 
1,17 
1.14 
1.13 
1.16 

0.96 
1.04 
0.98 
0.93 

^*^ The nigh energies delivered were 23, 12, 7, 7, and 7 cal/sq cm for 
the Red, Black, "White, Grey, and Brass calorimeters, respectively. 

' ' The low energies delivered were 11, 7, 3, 3, and 3 cal/sq cm for , 
the Red, Black, Ihite, Grey, and Brass calorimeters, respectively. 

As can be seen from Table 3.1 the calibration factor is not constant, 
owing to the slight change in thermoelectric power with temperature. 
Practically, however, the use of an average value leads to no appreciable 
error over the limited temperature range noimally covered by the calorim
eters. In those few cases where abnormally small or largt signals were 
obtained, a small correction was applied on the basis of the experimentally-
determined thermoelectric power. 

3.5 RADIOMETERS 

Only the MIT-3 radiometer was calibrated with the laboratory 
thermal source, as the other radiometers were not completed until ^^er 
departm^ for the field. The other radiometers were calibrated<;|betweer 

loza '^ and J)using the portable calibrator. The voltage on the calF^ 
itained at a constant value and the calibration factors 
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were determined by taking the ratio of the deflections of the varlotis 
radiometers to the deflection obtained by the MIT-3. The results of the 
disk radiometer calibrations are shown in Table 3.2. 

TABLE 3.2 

Calibration Factors for Disk Radiometers (Field) 

Instrument 

MIT-3 
USNRDL K-1 
USNRDL K-2 
USNRDL K-3 
USNRDL K-5 
USNRDL K-8 

Calibration Factor 
(cal/sq ca/aec/mv) 

2.9(a) 
5.9 
2.8 
4.8 
2.9 
3.3 

(a) 
Obtained using laboratory source. 

3.6 PASSIVE RECEIVERS 

To use the series of blackened metal foils as a measuring device it 
is necessary to be able to assign a value to the energy pulse which is 
bracketed by two foils in a series. This value may be determined in one 
of two ways, neither of which is as simple as may appear at first glance. 
The first method, a theoretical approach, is to calculate, using known 
constants of the metal and heat transfer equations, the energy necessary 
to produce a given effect upon any foil. To date, the appropriate equations 
and constants are not sufficiently well known to allow much faith in cal
culations of this type. The other method, an empirical approach, involves 
the measurement of effects on foils using a known source of thermal radi
ation. This procedure is strictly accurate only if all Important parameters 
in both the calibrating e:qx>sure and the measurement exposure are carefully 
controlled. 

A discussion of current estimates of the Importance of the various 
parameters may be forind in the report on Operation GREENH(SJSE. Perhaps 
the most important variable which has not been eliminated, and which has 
been found to affect seriously the quantity of thermal energy necessary 
to produce a certain effect on a metal foil, is the time in which this 
energy is received. For each effect on a given metal foil there exists 
not only one critical energy, but a curve of critical energy vs time. 
Before a series of foils could be used to determine a Tinique energy value, 
for an unknown radiant energy pulse, it would be necessary to obtain the 
time and shape of this pulse. 

The passive receivers were calibrated in the laboratory by exposure 
to the 36-in. searchlight source. Calibration curves showing critical 

47 

RESH TA 
ERGY ACT 1946 



^ S e c u r i t y Information 

energy vs time of exposure, as defined in the Operation GREENHOUSE 
report, were obtained for all thicknesses of the five metals used. Bie 
critical effects were selected on the basis of reproducibility and ease 
of determination. 

The criteria for threshold, as previously determined during cali
bration, were first surface-melt for cadmium, and first melt-through for 
the other metals. For the three-legged disks, surface-melt was substituted 
for melt-through as the criterion for tin. Distortion of the edge of the 
strip had been chosen as the silver-strip threshold. Application of 
these criteria to damage produced by the incident radiation, in the 
laboratory and in the field, enable an estimation to be made of the 
energy received by the series of foils during the detonation. 
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CHAPTER 4 

RESULTS 

4.1 GENHIAL 

After each detonation the shot area was re-entered at the earliest 
moment following clearance by the Radiological Safety group. The recorder 
paper and foil panels were recovered, and the readings on the sphere 
calorimeters wei^ uncorded. 

Some loss of data occurred because of the unsatisfactory operation 
of two of the Heiland recorders. /Tor skot ij one of the recorders used 
at Station 202 failed to operate, &Rd a second operated intermittently. 
j4n tK6 ease of ahot 22 one of the recorders used for Station 204 failed 
to' upei'iWsaSa^actorily. ..Since this was thesa^recw^gj^hat operated 
intermittentlj^auring snotll it was replaced/pnor to'SEot^by a new 
one, procured T^om the Heiland T?ft«ftflf̂»' QpTT.nTiaw An. iT'T~7̂"r t.ha recorders 
operated satisfactorilyton Shots 3 and 4v Very little usable data were 
obtained at Station 7-2u;d,[5kot ki as tne shock wave completely destroyed 
the station. Ho electrical pickup of magnitude sufficiently high.to negate 
total energy determinations was observed except at Station 7-2021 Shot 2.J 
where several types of cable were used as a check on the shielding protec
tion afforded bv the variona types of cables. The pickup recorded at 
Station 7-204.rShot 4J however, was sufficiently high to render question
able the intensity-time curves from some of the calorimeters at this 
station. 

4.2 CALORIMETERS 

The data from the original Heiland tracings were obtained using the 
Universal Telereader. These data were used to plot intensity-vs-time 
curves and to obtain total energy values for each calorimeter. The total 
energy received by each calorimeter disk is given in Tables 4.1 throiigh 
4.4. In these tables, column 1 gives the station number, column 2 the 
slant range from point of detonation, column 3 the field of view of the 
calorimeter, column 4 the orientation, column 5 the angle from horizontal, 
column 6 the elevation, column 7 the calorimeter number, column 8 the type 
of filter used, column 9 the total energy received under the 'filter, and 
column 10 the total energy incident on the calorimeter in the wave length 
region defined by the filter used. The values reported in column 10 are 
obtained by making corrections to the values in colxunn 9 for the transmis
sion of the filters in the flat portions of their transmission curves. 
This collection amounted to about 8 per cent for quartz, 8 per cent for 
9-54, 8 per cent for 0-52, 10 per cent for 3-69, 12 per cent for 2-58, and 
12 per cent for 7-56. 
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TABLE 4 . 1 

Station 
F-202 

F-208 

Slant 

^fT 
970 
980 
980 

940 
970 
980 

940 
940 

2.210 
2.220 
2.220 

2.200 
2.210 
2.220 

2,200 
2.200 

Half-
angle 

of Field 
of View 
(deg) 

45 
45 
45 

30 
30 
30 

45 
15 

45 
45 
45 

15 
15 
15 

45 
15 

Calorimeter ResuH 

Otienta-
tion(a) 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

GR 
GR 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

GR 

Angle from 
Horizontal 

(deg) 
+ 58 
+ 58 
+ 58 

+ 58 
+ 58 
+ 58 

- 5 8 
- 5 8 

+ 21 
+ 21 
+ 21 

+ 21 
+ 21 
+ 21 

-21 
-21 

Elevation 
(ft) 

• 10 
0 
0 

50 
10 
0 

50 
50 

10 
0 
0 

50 
10 
0 

50 
50 

taJSho\ 
'V 

Cal. No. 
Red 3 
Red 6 
Red 5 

Red 9 
Red 2 
Red 4 

Black 1 
Black 2 

Grey 3 
Grey 6 
Grey 5 

Grey 1 
Grey 2 
Grey 4 

Btass 1 
Brass 8 

t l / 
- * ^ 

Filter 
Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz. 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 

Total Energy 
under Filter 
(cal/sq cm) 

Total Energy 
Incident(bT 
(cal/sq cm) 

Recorder Failure 
Recorder Failure 
Recorder Failure 

42.6 1 46.3 
Recorder Failure 
Recorder Failure 

7,0 
0.59 

8,0 
7,5 
6,9 

7,0 
6.7 
- 0 -

5,1«=) 
0,14 

7,6 
0.64 

8.7 
8.7 
7.5 

7.6 
7,2 
-0 -

5,5(c) 
0.15 

(SL = Caloidmeter aligned 
ion. 

^*' AZ = Calorimeter aligned toward air zero. 
to measure radiation reflected from the ground in front of stat 

(̂ ) Not corrected for atmospheric attenuation. 

^®' Field of view included part of the fire ball energy as well as the 
energy reflected from w e ground. 

TABLE 4.2 

Station 
7-202 

7-204 

Slam 
Range 
(ft) 

1.760 
1.760 
1.760 
1,760 

3,070 
3.080 
3.080 
3.080 

3,050 
3.050 

Half-
angle 

of Field 
of View 

(deg) 
45 
45 
45 
45 

45 
45 
45 
45 

15 
45 

Calorimeter Resul ts ia iot 2 j 

Orienta-
tion(a) 

AZ 
AZ 
AZ 
AZ 

AZ 
AZ 
AZ 
AZ 

AZ 
GR 

Angle from 
Horizontal 

(deg) 
+ 36 
+ 36 
+ 36 
+ 36 

+ 20 
+ 20 
+ 20 
+ 20 

+ 20 
-57 

Elevation 
(ft) 
10 
10 
10 
10 

10 
0 
0 
0 

50 
50 

Cal. No, 
White 4 
White 1 
White 5 
Whites 

Grey 5 
bass 3 
Grey 2 
Grey 1 

Brass 8 
Bt&ss 1 

Filter 
Quartz 
Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 
Quartz 

Quartz 
Quartz 

Total Energy 
under Filter 
(cal/sq cm) 

11.9 
11.2 
10.5 

Galvanome 

3.7 
4 .1 
3.9 
4.0 

3 .2 
0.27 

Total Energy 
IncidentC'T 
(cal/sq cm) 

12.9 
12,2 
11.4 

ter bum-out 

4,0 
4.5 
4 .3 
4 .4 

3.5 
0,29 

(a) AZ = Calorimeter aligned toward air zero. GR - Calorimeter aligned 
to measure radiation reflected from the ground in front of station. 

'°^ Not corrected for atmospheric attenuation. 
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TABLE 4.3 

Station 
7-202 

7-204 

7-208 

7-210 

USPS 

Slant 
Range 

(ft) 
3,440 

4.500 
4.510 
4.510 

4,470 
4,500 
4,510 

4,470 
4,470 

6,810 
6,830 

6.830 
6,830 

6,810 

9,530 
9,530 

9,530 
9.530 
9,530 
9,530 

18.300 
18,300 
18,300 

Half-
angle 

of Field 
of View 

(deg) 
45 

45 
45 
45 

15 
15 
15 

45 
15 

45 
45 

7.5 
7.5 

45 

45 
45 

45 
45 
45 
45 

30 
30 
30 

Calorimeter Results,(Shot 3 J 

Otienta-
tion(a) 

AZ 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

GR 
GR 

AZ 
AZ 

AZ 
AZ 

GR 

AZ 
AZ 

AZ 
AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

Angle from 
Horizontal 

(deg) 
+ 66 

+ 48 
+ 48 
+ 48 

+ 48 
+ 48 
+ 48 

- 5 0 
- 5 0 

+ 29 
+ 29 

+ 29 
+ 29 

- 5 0 

+ 20 
+ 20 

+ 20 
+ 20 
+ 20 
+ 20 

+ 10 
+ 10 
+ 10 

Elevation 

(ft) 
10 

10 
0 
0 

50 
10 

0 

50 
50 

50 
0 

' 10 
0 

50 

10 
10 

10 
10 

*o 
10 

3 
3 
3 

wm 

Cal. No. 
Red 11 

Red 12 
Red 14 
Red 15 

Red 9 
Red 4 
Red 13 

Black 3 
a a c k 4 

mack 6 
Black 2 

Black 7 
Black 1 

Black 5 

White 1 
White 3 

White 4(c) 
Grey 7 
Grey 8 
Brass 3 
Brass 8 

Grey 12 
Brass 1 

H » ' 

Filter 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 

Quartz 
Quartz 

0-52 
3-69 
2-58 

Spec. 
7-56 

Quartz 
Quartz 

Grey 6+13 Quartz 

Total Energy 
under Filter 
(cal/sq cm) 

31.7 

36.9 
31,7 
30.8 

34.6 
31.7 
13.0 

0.57 
0.37 

17.8 
16.6 

9.9 
7.6 

1.7 

8.3 

0.78 

5.7 
4 . 3 
2.8 
2 .0 

2.0 
2.0 
— -

Total Energy 
Incident(^) 
(cal/sq cm) 

34.5 

40 .1 
34.5 
33.5 

37.7 
34.5 
14.1 

0.62 
0.40 

19.4 
18.1 

10.8 
8.3 

1.9 

8.9 

0,84 

6.3 
4.9 
3.9 
2.3 

2.2 
2.2 
. _ . 

(a) AZ = Calorimeter aligned toward air zero. GR = Calorimeter aligned 
to measure radiation reflected from the ground in front of station. 

(h) 
Not corrected for atmospheric attenuation. 

'°' Calorimeters connected in series but with opposite polarity. 
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TABLE 4.4 

Station 
7-202 

7-204 

7-208 

7-210 

USPS 

Slant 
Range 

(ft) 
1.700 

3.010 
3.020 
3.020 

2.990 

3,010 
3.020 

2.990 
2,990 

5,890 
5,920 

5,910 

5,920 

5,890 

8,900 
8,900 

8,900 
8,900 
8.900 
8.900 

18. 000 
18. 000 
18. 000 

Half-
angle 

of Field 
of View 

(deg) 
45 

45 
45 
45 

30 

15 
15 

45 
15 

45 
45 

30 

7.5 

45 

45 
45 

45 
45 
45 
45 

30 
30 
30 

Calorimeter Results.lsiiotiD 

Orienta-
tion(a) 

AZ 

AZ 
AZ 
AZ 

AZ 

AZ 
AZ 

GR 
GR 

AZ 
AZ 

AZ 

AZ 

(SL 

AZ 
AZ 

AZ 
AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

Angle from 
Horizontal 

(deg) 
+ 38 

+ 21 
+ 21 
+ 21 

+ 21 

+ 21 
+ 21 

- 5 0 
- 5 0 

+ 11 
+ 11 

+ 11 

+ 11 

- 5 0 

+ 7 
+ 7 

+ 7 
+ 7 
+ 7 
+ 7 

+ 3.5 
+ 3.5 
+ 3.5 

Elevation 
(ft) 
10 

10 
0 
0 

50 

10 
0 

50 
50 

50 
0 

10 

0 

50' 

10 
10 

10 
10 
10 
10 

3 
3 
3 

T" -^ 

Cal. No. 
Red 11 

Red 12 
Red 14 
Red 15 

Red 9 

Red 4 
Red 13 

Rlack 3 
Black 4 

Black 6 
Black 2 

Black 7 

Black 1 

Black 5 

White 1 
White 3 

White 4(d) 
Grey 7 
Grey 8 
Qcass 3 
Brass 8 

Grey 12 
Brass 1 

Grey 6+13 

Filter 
Quartz 

None 
Quartz 
Quartz 

Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 

Quartz 

Quartz 

Quartz 
Quartz 

0-52 
3-69 
2-58 
Spec. 
7 -̂56 

Quartz 
Quartz 
Quartz 

Total Energy 
under Filter 
(cal/sq cm) 

63.4(c) 

50.3 
39.6 
4 0 . 1 

53.2 

51.6 
24.3 

Bad re 
0.15 

15.5 
14.0 

15.0 

5.6 

0.8 

6.3 
0.61 

4 . 3 
3.3 

.2 .1 
1.5 

1.4 
1.4 

Total Enerey 
Incident(Dl 
(cal/sq cm) 

69.0(c) 

50.3 
43 .2 
43.6 

57.8 

56.2 
26.5 

jcord 
0.16 

16.9 
15.2 

16.3 

6 .1 

0.9 

6.8 
0.67 

4 .8 
3.8 
2.9 
1.7 

1.5 
1.5 

^*' AZ = Calorimeter aligned toward air zero. GR = Calorimeter aligned 
to measure radiation reflected from the ground in front of station. 

' ' Not corrected for atmospheric attenuation. 

(c) Total energy received up to arrival of shock wave, at 0.58 sec. 

(d) Calorimeters connected in series but with opposite polarity. 

These tables list only the results of measurements made by USNRDL 
personnel along the blast line. Results of the measurements made in 
cooperation with Project 3»1 personnel, in connection with the themal 
damage to parked aircraft, are given in Appendix A. Results of the meas
urements made in cooperation with the 4925th Air Bombardment Group, in 
connection with the thermal energy incident upon the drop aircraft, are 
given in Appendix B. 

4.3 RADIOMETERS 

The original Heiland records were read with the Universal Telereader. 
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An intensity-vs-time curve was plotted for each radiometer, and in the ease 
of the foil radiometers, was integrated to obtain the total energy. No 
integration was carried out for the fine-wire radiometer curves because 
these instmments were not calibrated. 

The total energy values were obtained by integration of the intensity-
vs-tlme curves from 0 to 2 sec. The 2-sec interval was chosen because at 
the end of 2 sec, for the weapons of the size concerned, the intensity has 
decreased to a small fraction of the peak intensity, and carzyLng the 
integration to longer times increases the uncertainties in the reduction 
of data, but adds little information of importance. 

The radiometer results are listed in Table 4.5. Column 7'of the 
table gives the maximum intensities, and column B the total energies reeeived 
in the time interval from 0 to 2 see. For comparison purposes, similar data 
are given in columns 9 and 10 for the calorimeters at the same locations. 
In general, the agreement between the calorimeter and radiometer res\ilts is 
quite good, and in only one case did the values differ by more than the 
experimental error of the radiometers, which is about 15 per cent. 

TABLE 4.5 

Disk Radiometer Results(&) 

r [ Shot 
1 
2 

3 

4 

Station 
F-208 
7-204 
7-204 
7-202 
7-202 
7-204 
USES 
USES 
7-204 
USPS 
USES 

Heigh 
(ft) 
10 
10 
10 

3 
3 

10 
3 
3 

10 
3 
3 

Filter 
Quartz 
Quartz 
Quartz 

2-58 
2-58 

Quartz 
Quartz 
Quartz 
Quartz 
Quartz 
Qaanz 

Half-
angle 

of Field 
of View 

(deg) 
45 
45 
45 
45 
45 
45 
24 
24 
45 
24 
24 

Instrument 
Type 

K 
K 

MIT 
K 
K 
K 
K 

MIT 
K 
K 

MIT 

Maximum 
Intensity, 

Radiometers 
(cal/sq cm/sec) 

20 
11 
10 
43 

Total 
Energy to 
2.0 sec. 

Radiometers 
(cal/sq cm) 

8.0 
4 .4 
3 .5 

25 
Burn out 
O f scale 

5.4 2.0 
4 .7 1.6 

Bum out 
3 .9 
3.6 

1.4 
1.2 

Maximum 
Intensity, 

Calorimeters 
(cal/sq cm/sec) 

22 
10 
10 
- -
- -
79 
4 .3 
4 .3 

120 
3 .8 
3,8 

Total 
Biergy to 
2. 0 sec, 

Calorimeters 
(cal/sq cm) 

8.0 
3 .9 
3 .9 
—(b) 
— 

31 
1.7 
1.7 

48 
1.2 
1.2 

*-̂ =fi) Not corrected for filter or atmospheric attenuation. 
(̂^ No energy values given for calorimeter because presence of serious dust 

obscurations at this station would make any comparison of little value. 

4.4 PASSIVE RECEIVEBS 

The panels of metal foils recovered after the shots were returned to 
the Laboratory, and a careful assessment made of the damage produced to 
each foil. In all cases, the panels were read independently by three 
observers. Each observer recorded the thicknesses of metal which brack
eted the chosen effect, and, from the degree of melt of the thinner of 
the two, estimated and recorded that thickness which would have shown the 
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threshold criterion. The mean value for each indicator was then deter
mined from the three thickness estimates* 

The field pulse time was obtained from the calorimetry data by ap
proximating the rise and fall portions of the field pulse with straight 
lines, without changing the total energy or the peak intensity, and reading 
the time between the two abscissa intercepts. The energies were then 
obtained directly from the foil calibration curves. Tables 4.6, 4.7> 4.S, 
and 4.9 give restilts of the passive-receiver panels. In these tables 
column 8 is the energy received under the filter and 9 is the total energy 
received at the station. This value is obtained by correcting column 7 
for the peak transmission of the two filters used (Corning No. 0-52 and 
9-54). In addition a correction of approximately 10 per cent was added to 
the energy values obtained by the foils under the 0-52 filters for the 
energy lost below 0.36 (x, which is the lower wave length cut-off of the 
filter. 

TABLE 4.6 

1 Sution 
Alignir 
200 

202 

202 

202 

204 

206 

208 

208 

208 

Slant 
Distance 

(ft) 
lent: Facin 

802 

940 

970 

980 

1,340 

1,760 

2,200 

2,210 

2,220 

Passive-receiver 
Height 
above 
Grade 
(ft) 

g Air Zer 
2 

50 

10 

2 

2 

2 

50 

10 

2 

Angle from 
Horizontal 

(deg) 
D(a) 

90 

56 

58 

58 

39 

28 

21 

22 

22 

Metal 

Ag(b 

Ag 
Cd 
Pb 

Ag 
Cd 
Pb 

Ag 
Cd 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Results ,V; Shot I J 
Indicated Total Energies 

(cal/sq cm) 

ftacketing 

38.2-45.4 
34.5-44.4 

) 33. 0-62.4 

33.2-45.4 
24 .0 -31 .1 
51.6 

33,2-45.4 
24 .0-31 .1 
51.6 

13 .8-80 .1 
18 .7-31 .1 
31.9-51.6 

14.6-18.3 
24.1-30.2 
18.9-24.2 

10.2-12.3 
13.3 
11.2-14.6 

7 . 3 - 9,0 
6 .9- 9.3 
6 , 3 - 8.5 

5 .9- 7.3 
6 .9- 9.3 
6 .3 - 8.5 

5.9- 7.3 
6 .9- 9.3 
6 . 3 - 8.5 

Estimated 

41.9 
41.9 
46 .1 

38.2 
28.4 
57.2 

38.2 
28.8 
51.6 

56.2 
27.2 
46.5 

14.9 
28.3 
19.7 

10.4 
13.2 
12.1 

7.4 
8.7 
6 .3 

5.9 
8.3 
6.7 

5.9 
8.7 
6.3 

Mean 
Estimated 

43.3 

41 .3 

39.5 

43 .3 

21.0 

11.9 

7.5 

7.0 

7.0 

Energy a t 
Station 

(cal/sq cm) 

47 .1 

44.9 

42.9 

47.1(c) 

22.8 

12.9 

8.1 

7.6 

7.6 
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TABLE 4.6 (Continued) 

Passive-receiver Results,/Shot 1 

Station 
210 

Alignme 
202 

208 

Alignme 
202 

208 

Alignme 
202 

208 

Slant 
Disunce 

(ft) 
3.170 

nt: Groun( 
940 

2,200 

nt: PaneP 
980 

2,220 

nt: Panel 
980 

2,220 

Height 
above 
Grade 
(ft) 

2 

Reflectii 
50 

50 

î eTtical(« 
2 

2 

lorizonta 
2 

2 

Angle from 
HoTizontal 

(deg) 
15 

3n(d) 
-56 

-21 

) 
0 

0 

1(0 
90 

90 

Metal 
Cd 
Sn 
Pb 

Cd 
Sn 
Pb 
Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Ag 
Cd 
Pb 

Cd 
Sn 
Pb 

Indicated fotal Energies 
(cal/sa cm) 

ftracketing 
2 .7- 3 .4 
3 . 2 - 3 .8 
3 . 9 - 5 .2 

9 .3-13.3 
6 .0- 8.2 

5.0 
6 .0 
5 .2 - 5.8 

14.6-18.3 
24 .1-30 .2 
24 .2-27 .4 

4 . 9 - 5.9 
6 .9- 9.3 
6 .4- 8.5 

25 .9-33.2 
24. 0-31.1 
32 .8-52.2 

0.9- 1.3 
— - 0.9 
— - 1.1 

Estimated 
3 .1 
3.2 
4 .1 

10.6 
7.1 

5 .3 
6.0 
5.6 

14.9 
24.2 
24.2 

5.8 
8.7 
6.8 

29.6 
24.3 
32.8 

1.1 
0.8 
0.7 

Mean 
Estimated 

3 .5 

8.8 

5.6 

21.1 

7.1 

28.9 

0.9 

Baergy at 
Station 

(cal/sq cm) 
3 .8 

9.6 

6 .1 

22.9 

7.7 

31.1 

1.1 

^*^ Aligned facing the expected (not the actual) point of detonation, 

(b) 

(c) 

(d) 

Strip geometry. 

Panel damaged by blast; thicknesses aroimd threshold for silver and 

(e) 

cadmium were missing. 

Aligned to measure radiation reflected from earth in front of station 
at specular angle. 

Aligned to measure radiation as received by a vertical surface. 

(̂ ) Aligned to measure radiation as reeeived by a horizontal surface. 
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TABLE 4.7 

Passive-receiver Results/Shot 2 

Station 

Slant 
Distance 

(ft) 

He i^t 
above 
Grade 

(ft) 

Angle from 
Horizontal 

(deg) Metal 

Indicated Total Energies 
(cal/sq cm) 

Racketing Estimated 
Mean 

Estimated 

Energy at 
Station 

(cal/sq cm) 
Alignment! Facing Air Zero(a) 

200 

201 

202 

204 

206 

1,120 2 

1,280 

1,770 

3,080 

4.5101 

90 

58 

36 

20 

14 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 
Cd(b) 
Sn(b) 
Pb(b) 

23.9-32.5 
30.2-44.0 
31.9 

18.3-18.7 
24.1 
18.8-24.2 

9 .0-10.3 
11.2 
11.2-12.0 

2 .0-
2 .6-
2.7-

1.2-
1.3-
1.1-
1.0-
0.9-
1.1-

1.5 
2.0 
1.8 
1.3 
1.3 
1.7 

24.4 
31.0 
35.2 

18.7 
24.1 
19.6 

9.0 
13.8 
11.2 

3.0 
3.8 
3.8 

1.3 
1.7 
1.1 
1.1 
1.1 
1.6 

30.2 

20.8 

11.3 

3.5 

1.4 

1.3 

36.1 

24.9 

13.5 

4.2 

1.7 

^*' Aligned facing the expected (not the actual) point of detonation, 

(b) Three-legged disk geometry. 

ATOMIC ENERGY ACT 1946 
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TABLE 4od 

Station 

Slant 
Distance 

(ft) 
Alignment: Facing 

202 

202 

204 

204 

204 

206 

208 

208 

208 

210 

11. 000 

12, OOQ 

13.000 

16. 000 

3,450 

3.450 

4.470 

4.500 

4.510 

5,590 

6.810 

6.830 

6.830 

9.540 

11.500 

12.400 

13,400 

16,300 

Passive-receiver Results,^ 
Height 
above 
Grade 

(ft) 

Angle from 
Horizcmtal 

(deg) 

Air ZftToCa) 
2 

2 

50 

10 

2 

2 

50 

10 

2 

2 

3 

3 

3 

3 

90 

66 

47 

47 

48 

36 

29 

29 

29 

20 

17 

IS 

14 

12 

Metal 

Ag 

Shot 3 J 
fiidicated Toul Enersles 

(cal/sq em) 

Biracketlag 

48.9-65.0 
47.0-49.3 

Ag('»)44.8-86.2 

Ag 
Cu 

34.4-48.9 
38.4-47.0 

Ag0>)34.2-63.8 

Ag 
Cd 
Pb 

Pb 

a 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 

Pb 

Cd 
Sn 
Pb 

Cd 

Pb 

Cd 
8a 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 

26.9-28.2 
19.8-25.0 
25.2-28.2 

26.9-28.2 
19.8-25.0 
25.2-28.2 

26.9-28.2 
19.8-25.0 
19.8-25.2 

12.9-15.3 
14.6-19.7 
15.1-17.9 

9.5 
9.5-13.4 

11.1-15.1 

9.5-10.8 
13.4-13.7 
11.1-15.1 

9.5 
9.5-13.4 

11.1-15.1 

5.3- 7.4 
5.6- 8.1 
6.3- 6.7 

3.4- 4.5 
4.1- 5.6 
4.0- 6.0 

2.9- 3.4 
3.0- 4.1 
4.0- 5.2 

2.9- 3.4 
2.5- 3.0 
3.7- 4.0 

1.6- 2.2 
1.5- 2.5 
2.7- 3.7 

Estimated 

54.3 
48.1 
46.6 

44.8 
42.9 
49.6 

27.7 
24.3 
26.0 

27.9 
21.6 
27.4 

27.7 
22.1 
22.7 

14.7 
15.9 
15.9 

9.0 
11.6 
11.1 

9.5 
13.4 
11.5 

9.0 
11.5 
11.2 

6.4 
7.2 
6.5 

3.4 
4.1 
4.9 

3.2 
3.0 
4.0 

3.0 
2.6 
3.9 

2.0 
2.1 
2.7 

Mean 
Estimated 

49.7 

45.8 

26.0 

25.6 

24.2 

15.5 

10.6 

11.5 

10.6 

6.7 

4.1 

3.4 

3.2 

2.3 

Baergy at 
Sution 

(cal/sq cm) 

59.4 

54.8 

28.3 

27.8 

26.3 

18.5 

11.5 

12.5 

11.5 

7.3 

4.9 

4.1 

3.S 

2.8 
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TABLE 4.3 (Continued) 

Passive-receiTer Results,^Shot 3 

Station 

Slant 
Distance 

(ft) 

Height 
abcrve 
Grade 
(ft) 

Angle from 
Horizontal 

(deg) Metal 

Indicated Total Energies 
(cal/sq cm) 

Oracketing Estimated 
Mean 

Estimated 

Energy at 
Station 

(cal/sq cm) 

18. 000 

18, 000 

20. 000 

18.300 

18,300 

20. 200 

10 

10 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 
Cd(c 
Sn(c) 

_Efe(e) 

1.1-
1.5-
2 .0-

1.6 
2 .5 
2 .7 

1 .1- 1.6 
1.5- 2.5 
2 .0- 2 .1 

0.9-

1.6-
1.0-
1.1-

1.1 
1.1 
1.3 

1.4 
1 ^ 

1.3 
1.5 
2.0 

1.2 
2.2 
2.0 

1.1 
0.8 
0.8 
1.7 
1.3 

_ L 2 . 

1.6 

1.8 

0.9 

1.4 

1.9 

2,2 

1.4 

(Special panel) 
18, 000 18,300 10 Cd(c. 

Pb(c) 

1.9- 2.3 
1.0- 1.4 
1.7- 2.0 

2.2 
1.1 
1.8 

1.7 1.8 

Alignment: Ground Reflection(d) 
?04 4,470 50 -47 

208 6.810 50 -45 

Cd 
Sn 
Pb 

Cd 
Sn 

5.9 
5.4 
6.5 

3 .4 
2.5 
3.7 

3 .1 
1.5 
2.5 

2.4 2.6 

Alignment: Panel Vertical(e] 
204 6,830 2 

206 6,830 

Alignment: Panel Horizontal(0 

Ag 
Cd 
Pb 

Cd 
Sn 
Pb 

15.3-26.0 
12.9-16.3 
12.1-15.1 

9.5 
9.5-13.4 
7 .8-11.1 

19.4 
14.9 
13.9 

9.0 
9.5 
8.8 

16.1 

9.1 

17.5 

9.9 

204 

208 

4,510 

6,830 

90 

90 

Pb 

Cd 
Sn 
Pb 

26. 0-26.9 
- -12 .9 
— 12.1 

5 .3 - 6.6 
2 .5 - 3 .0 
4 .0 - 6.0 

26.4(g) 
11.5 
10.3 

5.4 
2.9 
5.2 

10.9 

4.5 

11.8 

4 .9 

(a) Aligned facing the expected (not the actual) point of detonation. 

(̂ ) Strip geometry. 

(c) Three-legged disk geometry. 

(^) Aligned to measure radiation reflected from earth in front of station 
at specular angle. 

(®^ Aligned to measure radiation as received by a vertical surface. 

(̂ ) Aligned to measure radiation as received by a horizontal surface. 

(̂^ Reinforced by radiation reflected from aluminum faceplate and was 
not included in calculating total energy. 
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TABLE 4.9 

Passive-receiver Results,lShot 4 

Station 
Alignme 

200 
200 
202 
202 
204 

206 

208 

210 

11, 000 

12, 000 

13,000 

14, 500 

16, 000 

18. 000 

18, 000 

Slant 
Distance 

(ft) 
Qt: Facing 

1.060 
1,060 
1,700 
1,T00 
3, 020 

4,460 

5.920 

8,900 

11, 050 

12,040 

13, 020 

14,500 

16, 000 

18, 000 

18. 000 

Height 
above 
a a d e 

(ft) 
Air Zero(i 

, 2 
H 
2 
2 
2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

Angle from 
Horizontal 

(deg) 
0 

90 
90 
38 
38 
21 

14 

11 

7 

6 

6 

5 

4 

4 

4 

4 

Meul 

Ag 

Ag 
Gd 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sa 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 
Pb 

Cd 
Sn 

Pb(*=) 

Cd 
Sn 

Indicated Total Energies 
fcal/so cml 

Bracketing Estimated 
Mean 

Estimated 

Not recoverable 
Not recoverable 
Not recoverable 
Not recoverable 

33.2-45.4 
34 .5-44 .4 
33.0-62.4 
13.8-23.4 
14 .4-18.3 
14.6-18; 9 

9.0 
9 .5-13.3 
8 .5-10.6 

3 .4 - 4 .3 
3 .7- 5 .4 
3 .9 - 5 .8 

2 .7- 3 .4 
1.3- 2.0 
2 .7- 3 .4 

1.5- 2.0 
2 .0 - 2.6 
1.8- 2 . 7 

1.5- 2 .0 
1.3- 2.0 
1.8- 2.1 

1.3- 1.5 
1.3- 2.0 
1.8- 2 .7 

0.9- 1.3 
1.0- 1.3 
— - 1.1 

0.9- 1.3 
— - 1.0 
— - 1.1 
1 .1- 1.3 
0.9- 2 .0 

1.0 

0.9- 1.3 
— - 1.0 
- — 1.1 
1 .1- 1.3 
0.9- 2.0 
— - 1.0 

42 .2 
39.2 
41.8 
18.0 
14.9 
15.0 

8.5 
9.5 
9.5 

3.5 
3 .9 
5.0 

3.0 
1.7 
3 .0 

2.0 
2.0 
2 .6 

1.8 
1.7 
1.8 

1.3 
1.7 
1.8 

1.1 
1.2 
0.9 

0.9 
0.7 
0.8 
1.2 
1.0 

0.9 
0.7 

• 0.8 
1.2 
1.0 
0,9 

41 .1 

16.0 

9 .2 

4 . 1 

2.6 

2 .2 

1.8 

1.6 

1.1 

0.8 

1.1 

0.8 

1.0 

Biergy at 
Station 

(cal/sq cm) 

49 .2 

19.,1 

11.0 

4 .9 

3 .1 

2.6 

2 .2 

1.9 

1.3 

1.2 

1.1 

^^) Aligned facing the expected (not the actual) point of detonation. 
y^} Strip geometry. 
^®) Three-laffffed dJ Three-legged disk geometry. 
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4.5 SPHERE CALORIMETERS 

Unfortunately, no usable data were obtained fl'Qm the sphere calorim
eters. The results obtained were widely scattered and differed from the 
other measurements by as much as an order of magnitude. The biggest 
difficulty with these instruments seemed to be in the adjustment of the 
brake attached to the dial indicator. If this brake is made too loose, 
severe deflections are produced by the shock wave and if too tight, the 
indicator moves in spurts and low results are obtained. 
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CHAPTER 5 

DISCUSSION OF EESDLTS 

5.1 CALORIMETERS 

Generally speaking, the data obtained during these operations were 
about as expected. Ihe total energy data obtained ft>Qm the calorimeters 
during the four shots are shown in station-to-station comparisons in Figs. 
5.1 through 5.4. 'Qie energy values represented as points in these figures 
were taken fi*om column 10, Tables 4.1 through 4,4, and corrected for 
atmospheric attenuation, taking a transmission of 96 T?er cent per mile 

io£s 1 and 2^and 95 per cent per mile [for'^ots^ and iii Only the 
lose calorimeters which had the full field of view, unobseured 

by dust, were used for these plots. The lines have been drawn on the 
basis of the calorimeter data, but with the theoretical (inverse-square) 
slope. 

The atmospheric transmission coefficients used were obtained by the 
Naval Research Laboratory (NRL)V* They weire specified for coUimated or 
narrow beam conditions, and are therefore not strictly applicable to the 
wide-field-of-view calorimeters. According to E. 0. Hulbert^ "the effect 
of field of view of the receiver upon the energy received thxx>ugh the 
atmosphere from a point source at a distance is escpressed by 

Rĵ  = Rg + g (1 - Rg) f (A) (5.1) 

wben R- is the energy received by a receiver of very small (zero) field of c 
view. Rg is calculated from the atmospheric attenuation coefficient for 

coUimated light t̂ ^^ ̂ ^^ energy received by the same receiver 

with circular field of view A radians in diameter, with axis pointing at 
the source, g depends on the reflectivity of the surface and f (A) on the 
polar diagram of scattering. From e:q>erifflents with a source and a receiver 
on the surface of average reflectivity, for wave lengths 36CX) to 6200 S , 
for V (visibility) about 5 to 50 km, and for A 5 to 25°, gf(A) was found 
to be 0,5 (1 - e~A). Then Equation 5.1 becomes 

R^ = Rg + 0.5 (1 - Rg) (1 - «-A)." (5.2) 

Equation 5.2 shows that use of the coUimated transmission values for 
correcting data obtained with the wide field of view of these instruments 
will result in an over-correction. Calculations on the amount of over
correction, for the data obtained, using Equation 5.2 show that in the 
worst case (greatest slant range) the over-cozrectlon amounts to about 
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7 per cent and on the average is only a few per cent. Furthermore, as 
Equation 5.2 has been checked only for half-angles up to 12.5© there is 
some doubt as to its validity at jmich greater angles. Because of the 
small size and imcertainty of this second-order correction, it was not 
applied, and the narrow beam transmission values quoted above were used 
for all fields of view. 

An average normalized energy-vs-tlme ctxrve and intensity-vs-time 
curve for each shot was obtained by averaging the results from the same 
calorimeters which were used in the energy-vs-distance plots* In each 
case the data from foxir or more calorimeters were used in obtaijaing the 
average curve. Figui«s 5.5 through 5.8, which are the set .of individual 
curves used to obtain the average intensity-vs-time curvefrer&ol^ '""^ 
indicate the variation in the shape of the curves obtainealSxim T>Ae various 
calorimeters. 

The composite "best" total energy-vs-time curve for each shot is 
shown in Fig. 5.9 and the composite "best" intensity-vs-time curve for 
each shot is shown in Fig. 5.10. Intensity-vs-time curves from Operation 
BUSTER are given in Fig. 5.11 for comparison purposes. The intensity-vs-
time cuires have been normalized by using the ratio (expressed in per 
cent) of the intensity at any time to the total energy measured. In 
addition to permitting comparison of the general shape of these cxirves, 
this method of plotting gives an indication of the bomb-to-bomb variation 
of the peak intensity to total energy ratio. 

The curves in Fig. 5.10 indicate that the time to reach peak intensity 
increases with increasing yield while the ratio of peak intensity to total 
energy decreases. Although not completely shown in this figure, the larger 
bombs show imiRh inny^y t.hernaal tails, measurable energy being recorded out 
to 6 or 7 sec. iTheeurveifor ffiot "Ueems'to' clgy^r ABbi*6eiSBIy'in sEape^ 

Mfm im UtH'WSrfor the o t W ;̂hrel shots a" The peaK risSs to a higher value 
than would be ejcpStecl for a BMr-STTHaifsize, and the intensity then 
drops rapidly to a long tail* Comparison with the Operation BUSTER data 
in Fig. 5.11 indicates good agreement between data for the two operations. 

The agreement among the various calorimeter values for each shot was 
quite good, as can be seen from the total energy-vs-c^Lstance curves in Figs, 
5.1 through 5.4. JAn indication of the conatancr^ot TkejimL^yi^ld'm^ 
obtained by plotting the log of the total thermal energy (corrected for 
atmospheric attenuation) per kiloton as a function of distance. This has 
been done in Fig. 5.12 for Shots 1 through 4, Operation TUMBLER-SNAPPER, 
and for Shots Baker through Easy, Operation BUSTER. The line drawn through 
the points has a slope of -2. In general the fit is fairly good, although 
there is some indication that the bombs of lower yield gave points above 
the line trtiile those of higher yield gave points on, or slightly below, the 
line. This variation can be seen more clearly in Fig. 5.13* which is a 
ilog-log plot of the thermal yield Vs the total yield, and Fig. 5.14 which 
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is a log-log plot of the thermal efficiency TS the total yield. The bestf 
straight line throu^ the points in Fig. 5*13 has a slope of 0.93, and 
correspondingly the line in Fig. 5.14 has a slope of -0.07* The slope el 
these lines and the individual points are subject to change from time to 
time as new Talues of total yields are quoted. The slope of the line in 
Fig, 5.14 is partictilarly sensitiTS to small changes in this parameter. 
The total yields used in plotting thege euryes are shonn in Table 5»lr, 

ViSLE 5.1 

Total Yields for Operations HJSTER and TOUBLEE-SKAFPER 

Operation 

BOSTIE(a) 
BQSTER 
BOSTER 
BUSTER 
TDMBLER-a«APPER(b) 
TOUELER-SNAPPER 
l̂ nCBLÊ -SNAPPER 
TDUBLER-SNIFPER 

Shot 

B 
C 
D 
£ 
1 
2 
3 
4 

Tield 
(kt) 

3.4d 
14.0 
20,9d 
31.4 
1.05 
1.15 
30.0 
19.6 

(a) 

(b) 

BUSTER yield data aire final radiochonical yields 
and were obtained from letter dated 14 August 1952 
from Lt, Col. G. B. Page, Chief, Reports Branch, 
AFSWP (File Ho. SHHfT/l), 

TUMLEK-SNAFPBR yield data are preliminaxy radio
chemical yields and were obtained fr^i letter dated 
5 August 1952 from Lt. Col. G. B, Page, Chief, 
Reports Branch, AFSRP (File No. SWWT/l), 

5.2 RADIOMETERS 

Cooqjarison of the thermal pulse shapes of the bombs, as measured 
with the rarious calorimeters and radiometers, are shown in Figs. 5.15» t 

dnslrol 
respeetiyely. No coaqsarison was 

obscuration at Station 7-202 and 
5.16. and 5.] ^^^__ 
made pn Shot 3 j "WCiuse of the 
failure or ine timing mechanism at the 18,000-ft station, which caused 
the time scale to be uncertain. All eurres hare been normalised so that 
the peak intensity is 100 per cent. It can be seen that, although the 
general shape of the curve is similar for all instruments, the USNRDL 
disk, radiometer and the fine-wire radicuoeter curves appear to lag behind 
the differentiated calorimeter and MIT radiometer curves. This result is 
reasonable, as the measured time constant of all but the thickest calorim
eters is less than 15 msec, that of the UIT radiometer, 12 msec, and that 
of the nSNBBL disk radiometers, 25 to 30 msec. Hhile no laboratory 
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^imtylnfoniution 

determination of t-ime aoî gt̂ nt of the fine-wire radiometer was obtaixied, 
the cooq}arison curves If or Shot 2} show that its response is very similar 
to that of the USNRQL^sk radiometer. 

5.3 SPECTRAL ENERGY DISTRIBDTKai 

The results of the spectral investigation are shown in Table 5,2 
where the energy received under each filter is given as the percentage 
of the energy received \mder quartz. Also shown in the table are sim
ilar results from Operations GREQIHOUSE and BUSTER, along with the 
percentages e3q>ected from a black body at 6,000^5. The spectral data 
obtained at Operation GREENHOUSE, indicate appreciably less energy, 
wave lengths bevond 9S0Q& than do the ftpflrilt•*''•' '''̂ "̂̂ Tff r'*°"''t(ini J 

in which the resulting 
clouds obscured the tail of the thermal pulse, and since the thermal tail 
is rich in the longer wave lengths, a net decrease in the contribution of, 
the infrared would be ggpected for such a burst, j 

FSince 
dust 

mmmmxmfm»f<^-^ 

Figures 5,IS and 5,19 show the normalized intensity-vs-time curves 
for each of the calorimeters under the various filters. Normalization 
consisted in dividing the measured intensity by the toteuL energy received 
under the particular filter. The expected gradual shift of the spectral 
distribution with time can readily be seen. 

TABLE 5.2 

Per Cent of Total Buergy in the Transmission Range of the 
Filters Used in Operation TUMBLER-SNAPPER 

FUter 
Type 

Quanz 
0-52 
3-69 
2-58 
7-56 

Spectral Range 
of Transmission 

a 
2200-45000 
3600-25000 
5300-25000 
6400-25000 
9500-25000 

Per C^it of Bnergy Received under Quartz 
qSESNHOKJSS 

100 
100 
75 
50 
10 

BUSTER 

100 

72 
43 

BUSTBR 

CSSD 
100 

79 
53 

T-S 
3 

100 
91 
70 
54 
25 

T-S 
4 

100 
91 
70 
55 
25 

6. 000°K 
Black Body 

99 
88 
66 
52 
26 

5.4 LOCAL OBSCURATI(»: THE EFFECT OF ELEVATION OF MEASURING INSTRDMEMT 

Examination of the energy received at each station (Tables 4,1 
through 4.4) as a function of elevation shows that at the close stations, 
for the larger bombs, there is a noticeable decrease in energy at the 
ground level and even at some of the lO-ft levels. Conqsarison of this 
parameter for all shots was accomplished by plotting the percentages of 
energy lost at the grade and 10-fb elevations as functions of the incident 
total energy (Fig. 5.20), For this purpose the total energy was taken flrom 
calorimeters at the 50-ft elevations. Figures 5.21, 5.22, and 5.23, which 
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are curves of total energy vs time for various elevations at the three 
most severely obscured stations, indicate the time sequence of the 
obscuration. As would be expected, very little energy was received at 
grade level after arrival of the shock wave. The obscuration before the 
arrival of the shock wave can be attributed to "popcoming" of the sand 
and to smoke produced by the burning of ground litter. 

5.5 FIELD OF Yim 

The results of the field-of-view investigations are shown in Table 
5.3* The radius of the fire ball, column 6, was obtained by scaling the 
•reiwft ftfj^ y nftm̂ nal (gO-kt) bomb, as given in ^̂ ®̂ j^^gg^go^^Q'Pi^ gea.pon8. 

ig that the radius is proportional to tfliJT7?1p5wer""ĝ  Tifeyield.l 
The radial error in alignment, column 77^8 ilie'"<£[sVah6e between ihe Sxls 
of the calorimeter and the expected point of detonation in a plane perpen
dicular to the axis of the calorimeter, due to an angular error of 2°, 
which is the estimated maximum error in alignment. The error in the p^int 
of detonation, column B, is the projected distance between the expected 
and actual points of detonation in the plane perpendicular to the axis of 
the calorimeter and was obtained from the Operation TUMBLER Preliminary 
Beportar. The estimated maximum displacement of the center of the field 
of view from the center of the detonation, coliimn 9, is the sum of the 
two errors given above. 

TABLE 5.3 

IS&oi 
[No. 
1 
1 
3 

3 
3(*») 
4(»>) 

' 40) 

Sution 

F-208 
F-208 
7-204 
7-204 
7-208 
7-204 
7-208 

Slant 
Range 

(ft) 
2,220 
2,210 
4.510 
4,500 
6.830 
3,020 
5,920 

Elevation 

(ft) 
0 

10 
0 

10 
0 
0 
0 

Effect of Field of View 
Field-of-view 

Radius at 
Detonation 

Point 

(ft) 
470 
470 
960 
960 
720 
640 
620 

1 ll 
[Radius 

of 
ire Ml] 

(ft) 
170 
170 

1 520 
520 
520 
450 

i 450 

Radial 
Enor in 

Alignment 

(ft) 
77 
77 

154 
154 
240 
106 
208 

Error in 
Detonaticm 

Point 

(ft) 
122 
122 
124 
124 
124 
153 
153 

Estimated 
Maximum 

Displacement 

(ft) 
199 
199 
276 
276 
364 
259 
361 

Per Cent Total 
Energy Received 
by Calorimeter 
for Half Angle 

60 12° 

0(a) 
83 

- 41 
86 

46 
61 

40 

It is believed that this value is due to a faulty ciz>cuit. 

>^) Fire ball could have been partly outside the field of view. 
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Ejcamination of this table shows that the field of view should have 
included the entire fire ball in all but three cases. Even in those three 
cases it appears that not more than about 20 or 30 per cent of the fire 
ball could have been outside of the field of view of the calorimeter. The 
data, however, do not agî ee id,th this conclusion, as some of the calorimr-
eters gave values as low as 40 per cent of those measured with mAiri amm 
field of view. It is apparent that iaqportant factors other than the errors 
in alignment and in point of detonation are influencing the results. One 
trend that can be noted from the table is that the values obtained at the 
ground level seemed to shoar much lower percentages than those obtained 
above grade. For «xample,yfor Shot 3i Station 7-204, the calorimeter at 
10 ft with 12° half-angle |a»«» 86 p«!P*cent of the energy measured by the 
standard calorimeter (half-angle 45°/ at that elevation, and the one at 
grade gave 41 per cent of the energy measured by the standard calorimeter 
at grade. This indicates that dust obscuration might have some influence 
on the resxilts. However, additional data must be obtained before the 
reason for the low results with restricted field of view can be confirmed. 

As mentioned previously, the effect of field of view of the measur
ing device has little effect on the energy ireceived for highly transmitting 
atmospheres and moderate distances. However, this is not necessarily true 
when instruments are obscured by smoke or dust, as in this case the col-
limated transmission could be very low. Using Equation 5.2 and assuming 
as a limiting case that the collimated transmission approaches zero, the 
calculated ratios of the energy received by the 6 and 2Ji9 half-angle field-
of-view calorimeters to that received by the 45° half-angle field-of-view 
calorimeter would be 0.24 and 0.43 respectively. Ejcamination of the data 
in Table 5,3 indicates that the "field-of-view" results fall within the 
limits set by Equation 5.2 for zero and 100 per cent transmission, and, 
qualitatively, that the greatest effects occur whenever the greatest 
obscuration is to be escpected. 

The values given in Table 5.3 are lower than eacpectei, even con
sidering the effects of dust. This fact leads to the conclusion that any 
instrument designed to measure the thermal efficiency of a nuclear weapon 
should have a field of view such that the raditis at the point of detonation 
will be no less than about two times the s\im of the fire ball radius, 
estimated as above, and the maximum displacement of the center of the 
field of view from the point of detonation. 

As one proceeds to more distant stations and correspondingly smaller 
fields of view, the instruments would mejisure less and less of tiie total 
energy arriving at the station (more of this energy arrives as scattered 
radiation). However, since transmission values are determined as narrow-
beam results, accuracy of direct correction of the measured values to true 
thermal efficiency would inprove as the measuring angle was decreased. Of 
course, if the measurements are being made to determine the total thermal 
energy, direct and scattered, received by an ad;}acent plane suzface, a 
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maximum field of view at all stations would be desirable. 

Although additional data must be obtained before the reason for the 
low results with restricted field of view can be ascertained, one result 
of practical importance can be obtained from Table 5.3, It appears that 
any instrument designed to measure the total radiant energy should have a 
field of view such that the radius at the point of detonation will be 
greater than about three times the sum of the fire ball radius, calculated 
as above, and the estimated maximum displacement of the center of the field 
of view from the point of detonation, 

5.6 PASSIVE RECEIVERS 

The passive-receiver panels gave reasonably satisfactory results. 
In most eases the chosen effect was bracketed as expected and in some 
cases, where the energy was greater or less than anticipated, estimates 
of total energy could be made from the degree of effect on the last foil 
in the series of thicknesses. For the grotind reflectance measurements, 
the energy ranges selected in designing the panels were usually too high 
and gave poor r̂ mili-.s |̂;|(>]̂|̂ |̂,̂pr one panel which produced no results. In 
addition, four panels[from Shot 4}(those nearest ground zero) were not 
recoverable. 

The agreement among panels at^the same distance was better than 
10 per cent at all but one stationUat 18.000 ft on Shot J") J However, 
agreement between different metals in the same panel was "not as good, 
FiHam Table 5.4 it can be seen that for the group-1 panels the lead and 
tin agree with each other but differ from cadmium by about 14 per cent. 
Again, with the group-2 panels, silver and lead agree, while cadmium 
differs by about 2S per cent. The metals used in the group-3 panels show 
good agreement. Columns 3, 6, and 9 of Table 5.4, irtiich give the standard 
deviations of the ratios of the energies from the different metals to the 
mean energy of the panel, indicate that the repzx>ducibility of each metal 
is good. For this reason it appears that the disagreement between cadmium 
and the other metals is probably real and not due to random errors. No 
eaqilanation can be given at the present time for this result. 

The total energy values given in Tables 4*6 through 4.9 were corrected 
for atmospheric attenuation and plotted in Figs. 5.1 through 5*4 for com
parison with the calorimeter results. Comparison of the foil and calorim
eter data in these figuresjsbfiia^e effect of the size of the tall in the 
thermal pulse. For Shotsjl and 2,}which had short tails, the agreement 
between foil and calorimeCSf feSfllxs is good. For Shotsf3 and 4,̂  which 
had long tails relatively ineffective in producing dama^ to tnê  foils, 
the calorimeter values were considerably higher than the foil values. 
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TABLE 5.4 Mean Ratios of Energy Values of Each Indicator 
to Energy Value of Panel 

&oup 1 

Metal 
Cd • 

Sn 

Pb 

Mean Ratio 
0.91 

1.04 

1.05 

Sundard 
Deviation 

0.12 

0.14 

0.12 

Group 2 

Metal 
Cd 

Ag 

Pb 

Mean Ratio 
0.81 

1.09 

1.10 

Standard 
Deviation 

0.11 

0,11 

0.16 

&oup 3 

Metal 
Cu 

Ag 

Ag Strip 

Mean Ratio 
0.96 

1.02 

1.03 

Standard 
DevUtion 

0.01 

0.05 

0.04 

5.7 SHIELDING (F HECORDEa CABLES 

Because of lack of time and opportunity, no extensive or exhaustive 
investigation has been made to date to find the cause of the unwanted 
electrical signals in recorder cables that were so evident during Operation 
BOSTER. 

Operation TUMBLSt-SNAI^ER afforded a limited opportunity to conduct 
a preliminary experiment. Four calorimeter circuits were Installed with 
the electrical circuits identical, except for the type of cable connecting 
the instrument to the recorder. The foxir cables were Ordnance cable,« 
also used by USNRSL for all other recording circuits, Remex** in metallic 
armor, Romex without armor, and telephone wire.-̂ HW 

The results, which may well be coa^lieated by the cross-feeding of 
the signal from one circuit to another, show that there was no pickup in 
the circuit usiiig the Ordnance cable, but that the signal in the circuit 
using the telephone wire was of such magnitude that it caused the galva
nometer to bum out. The circuits using Romex showed appreciable signals, 
although not enough to hum out the galvanometers. The signal in Romex 
circuits may have been at least pairtially due to the adjacent telephone 
wire circuit. 

* Navy type OHFTA-9 Ordnance cable consists of a twisted pair of insulated 
wires inside a water-tight rubber cover and a metallic, braided armor. 

** Romex, Federal S|pec. J-G-l(>3, general purpose wire, consists of two 
No. 12 solid copper conductors insulated with plastic and a fibrous 
nonmetallic braid. 

*^^ Telephone wire. Navy type MRI, consists of two stranded and twisted 
copper wires insulated with synthetic resin. 

REsijtieffrrSATr 
AUP^^NERGY ACT 194« ^ l l t u n t y Information 



ecurity Information 

It is possible, with present knowledge, to eliminate the electrical 
pickup in nearly all cases by the use of extensive electrical shielding 
such as was used at (}peration TUUBLER-SNAITfS. However, the data on hand 
are not sufficient to warrant any specific conclusions concerning the 
nature of the phenomenon. 

5.8 CONCLUSIONS 

While some small loss of data resiilted from instrument failure, all 
objectives of this operation were fulfilled. Sufficient data were obtained 
to give confidence in the thermal energy-vs-distance and intensity-vs-time 
curves obtained for the various weapons. The spectral distribution of the 
thermal energy probably was obtained to as great an accuracy as is possible 
through the use of the simple filter method employed. The data on energy 
vs elevation of measuring instrument gave a fair idea of the amount of 
local obscuration caused by theznal radiation. Although only preliminary 
models of the various radiometers were available for use in the field, 
these instruments gave good data concerning the intensity-vs-time relation
ship of the thermal output of the weapons. The passive receivers gave 
quite consistent data in most eases, and proved valuable for measurements 
irtiere recorders were not available. 

The major conclusions are summarized below: 

1. Although the range of weapon yields (l - 30 KT} is not suffi
ciently great (because of uncertainties both in thermal and total yield) 
to CQorpletely rule out the possibility of constant thermal yield, the 
data reported here indicate a decrease in thermal efficiency with in
creasing weapon yield - ranging from about 44 per cent at 1 KT to about 
34 per cent at 30 Et. 

2. As expected, the thermal pulse lengthens with increasing yield. 
The time to second maximum ranges firom about 1(X) msec for a 1 KT weapon 
to about 200 msec for a 30 KT weapon. The range of weapon yields reported 
here is still not sufficiently great to allow accurate assessment of 
scaling laws. 

3. The spectral measurements obtained during this operation indicate 
appreciably more energy at wave lengths beyond 9500 S (25 per cent) than 
was found at ()peration GaREgSHOUSE (10 per cent). Since the dust clouds 
produced |Py the surface detonatioBl at GREENIOJSE obscured the later 
(cooler) pIlAses of the fire ball Chis resTilt is not surprising. 

4* Care Bust be taken in interpreting data obtained near the ground, 
because measurements may be influenced by obscuration produced both by the 
shock wave and by effects of the thermal pulse itself. Obscuration re
sulting from the thermal radiation precedes that produced by the shock 
wave, and is exemplified by "popcorning" of sand and by smoke produced by 
burning of ground litter. 
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5. Because of uncertainties involred, it appears that any instru^ 
aent designed to measure the thermal efficiency of a weapon should have 
a field of view such that the radius at the point of detonation will be 
no less than about two times the sum of the fire-ball ludius, calculated 
by scsding from values given in the Effects of Atomic Weapoaa. and the 
estimated mBrlmiim displacemsnt of the center of the field of view from 
the point of detonation. Cb the other hand, instrumentation designed to 
measure the total thermal energy, direct and scattered, received l^ an 
adjacent plane saiî le should have a field of view approaching 180°. 

6. If properly interpreted, passive receiver panels can give 
reasonably satisfactoiy, self-consistent, results. For the 1 KT weapons, 
with short thermal tails, the agreement between foil and caloriaster 
results is excellent. For the weapons of larger yield \dilch have long 
thermal tails, relatively ineffective in producing damage to the foils, 
the calorimeter results are considerably higher than the foil values. 

7. As can be seen from ̂ l^endix B, the thermal energy received by 
aircraft above the point of detonation may be oonsid^^b^^vhigh^^^gA 
that at the equivalent distaBSeg-alaflfiLJiiî r̂ô nd KS^^^^^r'S^^ 

Viue io -ill̂ V̂t̂ flBiL' Ullliuspheric transBiission in a vertical path, but mostly 
due to reflection of thermal energy by the ground. 

However, it is to be eB;>hasized that the results and conclusions are 
vexy limited in their scope, and that great care must be taken when apply
ing them to other cases. The data presented pertain to air bursts over 
the Nevada desert, for certain particular altitudes of detonation, for 
a limited range of weapon sizes, and for particular types of weapons. 
Extrapolation to other conditions, particularly to weapons of much 
larger yields, may be extremely misleading. 

5.9 RECOMMENDATIONS 

eta the basis of measurements made at the TUMBLEB-SNAFPER Operation 
and at previous operations the following reoommsndatiosfi are made with 
regard to measurements which should be carried out at future tests of 
nuclear weapons: 

1. If the data obtained at previous tests are confirmed at Oper
ation UPSHOT-KNOTHOLE, basic thermal measurements should be made only 
at futtire tests in which the conditions are considerably different. 

2. IJi order to determine the danger to aircraft f^m the thermal 
radiation, farther above-ground measurements are necessary. Also, a 
theoretical and es^erimental program should be prosecuted in ord^r to 
evaluate the contribution of radiation reflected ftom the surface of the 
earth and from clouds and to establish atmospheric attenuation along a 
non-horizontal path. 
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3. Further work should be done on the effect of field of view of 
the measuring instruments on the measurements, particularly at the 
larger fields of view. 

4. For further rough estimates of the effectiveness of the theirmal 
energy, passive receivers should be exposed at detonations idiich deviate 
appreciably in yield from those already measured. 

5. Although the results are not coiqpared in this report, certain 
discrepancies appear in coiqparing USNRDL data with data obtained by the 
Ifaval Research Laboratory. An atteiqpt should be made to resolve these 
differences and to determine whether or not they are real. Assuming no 
obvious errors in either set of data, a further st\idy of variation of 
the thermal pulse with distance from the detonation may be in order. 
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APP£NDIX A 

MEASURBCENT OF THERMAL RADIATION IICIDENT UPON PARKED AIRCRAFT 

Shots 2, 3t 

USNRDL was asked to assist Project 3.1 personnel in the measurement 
of the thermal flux incident upon certain parked aircraft which were to 
be e3q)08ed to the effects of nuclear weapons for the puipose of detezmln-
ing damage repair criteria for the aircraft. Nine calorimeters were 
constructed and thermally calibrated at USNRDL. They were then delivered 
to the test site where they weire installed and electrically calibrated by 
Project 3.1 personnel, A check electrical calibration was also made by 
USNRDL in the field. 

Measurements were made at three locationsi 
Details concerning the location and mounting of thd instruments may oe 
foimd in the Piroject 3.1 report. 

Copies of the records were supplied to USWRDL so that the data could 
be reduced along with similar data taken at Project 8.3 installations. 
The data presented in Table A.l were obtained by methods of analysis 
similar in all respects to those described for calorimeter data elsewhere 
in this report. 

The total thermal energy-vs-distance data agree very well with USNRHi 
thermal line e^f»^.9L nflflej* wimiî î  ̂ ^ ymiumt-Anftafl, with the exception of the 
closest station t>n anolls J'^ct k^and the 8,000-ft station^on Shot 4v The 
disagreement at -tne dose stations is most probably due to local (iiist and 
smoke obscuration. 

Both Project 3.1 and Project 8.3 personnel analysed the data; and 
while the results obtained by the two groups agree fairly well, not all 
differences have been explained because time and distance considerations 
have prevented more than preliminary consultation to date. Care should 
be taken in application of these data, as the values are subject to 
change. 
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TABLE A.l 

TUMBLSi-SNAPPiK Calorimeter Data: (a) WADC Aizplanes on Ground 

sution 

A 
A 

B 
B 
B 

C 
C 

Sbot3 
A 
A 

B 
B 
B 

C 
C 

Shot 4 
A 
A 

A4 
A4 
A4 

B u 

Slant Range 1 (ft) 
1 2.490 
[ 2,490 

8, 060 
8. 060 
8, 060 

10,538 
10,538 

4, 087 
4 ,087 

8.622 
8,622 
8,622 

10, 988 
10,988 

2,508 
2.508 

3.966 
3,960 
3,960 

7,890 
7.890 

Half-angle of 
Field of View 

(deg) 

45 
45 

45 
45 
45 

45 
45 

45 
45 

45 
45 
45 

45 
45 

45 
45 

45 
45 
45 

45 
45 

Orientation(l>) 

AZ 
AZ 

AZ 
AZ 
AZ 

AZ 
AZ 

AZ 
AZ 

AZ 
AZ 
AZ 

AZ 
AZ 

AZ 
AZ 

AZ 
AZ 
AZ 

AZ 
AZ 

Elevation 

(ft) 

5 
5 

5 

(c) 
5 

5 
5 

5 
5 

5 

(c) 
5 

5 
5 

5 
5 

5 

(e) 
5 

5 
5 

Cal. No. 

Red 8 
Red 10 

Hack 8 
Black 9 
BUck 10 

Gray 9 
Gray 10 

Red 8 
Red 10 

Black 8 
Black 9 
Black 10 

Qtay 9 
&ay 10 

Red 8 
Red 10 

Black 8 
Black 9 
Stock 10 

Qtay 9 
Gray 10 

FUter 

Quartz 
Quartz 

Quartz 

(d) 
Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 

(d) 
Quartz 

Quartz 
Quartz 

Quartz 
Quartz 

Quartz 

(d) 
Quartz 

Quartz 
Quartz 

Total Energy 
imder Filter 
(cal/sq cm) 

No record 
No record 

0.51 
0.14 
0.57 

0.26 
0.30 

27.3 
27.2 

10.3 
3 .2 
7,8 

5.9 
5.5 

33.4 

24.8 
19.7 
24.9 

6,1 
7 .1 

Total Energy 
Incident 

(cal/sq cm) 

available 
available 

0.55 
0.15 
0.62 

0.28 
0.33 

29.7 
29,6 

11.2 
3.5 
8.5 

6 .4 
6.0 

36.3 

27.0 
21.4 
27.1 

6.6 

7.7 1 
Not corrected for atmospheric attenuation. 

(̂ / AZ = Calorimeter aligned toward air zero. 

(®) Inside B-l?. 

^*' Quartz and windshield. 

(•) Inside F-i47. 
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APPENDIX B 

MEASURBCENT OF THERMAL RADIATKMf INCIDENT ON DR(P AIBCRAFT 

The 4925 th Air Bombardnent Oroup asked USNRDL to assist in an atteaqpt 
to measure the thezmal radiation incident upon the drop aircraft. 

Three standard disk cedorimeters, of the type described elsewhere In 
this report, were delivered to Capt. 0. R. rilll, USAF, Project Officer for 
the drop aircraft, at the test site. The ealoi^meters and the recorders 
were then mounted in the aircraft tmder his direction. 

Calibration was carried out by USNRDL personnel at the Indian Slprings 
Air Force Base on two occasions, and also when, at the conclusion of the 
operation, the coDq>lete circuits were returned to USNRDL. Data were 
reduced and analyzed by the same procednare described in the body of this 
report. 

Table B.l shows the results of the measurements taken on the B-50 
aircraft in flight. 

TABLE B.l 

TUMBLÎ -SNAPPSt Calorimeter Data:(&) B-50 in Flight over Detonation 

Shot 
1 

2 

3 

h 
-L 

Slant Range 
(ft) 

18, 700 
18, 700 
18, 700 

18, 020 
18, 020 
18, 020 

Not 
Avail
able 

18, 885 
18, 885 
18,885 

Half-angle of 
Field of View 

(deg) 
45 
45 
45 

45 
45 
45 

45 
45 
45 

45 
45 
45 

Orienution(h) 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

AZ 
AZ 
AZ 

Elevation 
(ft) 

19, 000 
19, 000 
19, 000 

19, 000 
19, 000 
19,000 

Not 
AvaU-
able 

19.800 
19.800 
19.800 

Cal. No. 

Brass 2 
Brass 5 
ftass7 

Brass 2 
Brass 5 
Brass 7 

Brass 2 
Buus 5 
Brass 7 

Btass 2 
Brass 5 
Brass 7 

Filter 
Quiaxz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Quartz 
Quartz 
Quartz 

Total Energy 
under Filter 
(cal/sq cm) 

Total Energy 
Incident 

(cal/sq cm) 

No energy detected 
No energy detected 
No energy detected 

No energy detected 
No energy detected 
No energy detected 

Timing failure 
Timing "faUure 
Timing failure 

2.2 
2.0 

2.3 
2.1 

No energy detected 

(b) 

Not corrected for atmosphezdc attenuation. 

AZ = Calorimeter aligned toward air zeiTO, 
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Though a small amount of energy was expected\on Shots 1 and 2J no 
detectable energy was received. This could be due bo err61'tl in tillgument 
of the calorimeters or to condensation on the quartz filter, but no certain 
e3q)lanation has yet been found. No readings were obtainedj||^i2&Q|3>Sowing 
to a failure in the starting sequence for the recorder. Ôn̂ 'JUijU \̂ UwA of 
the three c«LLorimeters operated properly and gave values ih g66d Agreement 
with each other. These values have been raised 5 per cent to correct for 
the changes in the properties of the measuring system at the lower temper
atures encotmtered at high altitudes. 

In order to coo^re the values measured from the B-50 with those 
measured at the ground installations, it is necesssu:y to correct for the 
atmospheric attenuation. Since no measurements were made of the trans
mission in a vertical direction, an estimate of this value was obtained 
from the measured 95-per-cent-per-mile transmission for a horizontal path 
by assuming that the attenuation coefficient is proportional to the atmos
pheric density and that the chsmge of density with altitude was that of a 
standard atmosphereZr. This results in an estimated average atmospheric 
transmission of 96.3 per cent per mile for the nearly vertical path between 
the point of detonation and the B-50. As the total correction for the 
atmospheric attenuation is less than 15 per cent, uncertainties in the 
value of the absorption coefficient should cause less than 5 per cent 
error in the energy values. 

Using the value of atmospheric transmission given above, the energy 
value at the plane is about 50 per cent higher than the value on the sur
face at the same distance. This is most probably due to the reflection 
of energy firom the ground. Preliminary calculations on the amount of 
energy z>eflected from the ground, using a value of 45 per cent for the 
reflectivity of the soil (Appendix C), Indicate that a value of 50 per 
cent is not unreasonable. 
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APPENDIX C 

RgLECTIVITr OF HEyADA PROVING GROUNDS SOILS 

Due to the Interest in the amount of thermal radiation absorbed by 
the ground during the detonation of a nuclear weapon, it seemed advisable 
to measuz« the reflectivity of the soil in the areas where thermal radi
ation and air temperatures were being measured. 

Measurements o^th^j^aflactivity of the soil, using the sun as a 
atyarcfl̂  were made^WffTTGEy 19S2Jbetween hours 1130 and 1230, PPT. Cin thg 

/JT-*̂  Ar-̂ a of lUCBffTllffr'ancl oetween hours I3OO and I4OO, PPT. & n Irench^ 
4jiaBjflli^"' 'fWffflectometer used was made at USNRDL and has a field of 
view of lialf-angle 30. The receiver consists of a Weston Photronic cell, 
!I^e d56 RR. The Instrument makes use of a test plate smoked with mag
nesium oxide as a reflection standard, and thus all reflection measure
ments are expressed as percentages of the reflectivity of the magnesium 
oxide. 

Measurements were made, while the sun was near apparent noon, with 
the receiver viewing the ground vertically, and at 10° intervals up to 
70O£ and 70°W ^om the vertical. The axis of the receiver was at all 
times in the vertical eastHvest plane. The angle between the zenith and 
the sun*s rays was approximately 20°. The measurements were made for 
areas in front of towers upon which Project S.2 and S.3 instruments were 
mounted. The area on the ground seen by the instrument was approximately 
10 sq in. when the Instrument was nozmal to the ground. Ihe results of 
these measurements are tabulated in Table C.l. Ihe 70^ measurements have 
questionable validity because the area viewed by the receiver approached 
the area of the standard plate. 

These data are of value in correlating the amoiut of energy absorbed 
by the ground with the amount of energy incident, and in determining the 
Increase in thermal energy received by objects due to ground reflection 
of the thermal pulse. 
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Angle 
of 

abservation(a) 

70E 

60E 

50E 

40E 

30E 

20E 

IDE 

0 

low 

20W 

SOW 

40W 

50W 

68W 

70W 

TABTJS C . l 

Reflectivity of Soils 

7-210 

53 

47 

45 

44 

44 

44 

44 

44 

44 

42 

41 

41 

41 

43 

47 

Reflectivity Relative to Magnesium Oxide 

m 7-208 

50 

48 

46 

46 

45 

45 

45 

45 

45 

44 

45 

45 

46 

48 

51 

7-206 

53 

50 

46 

45 

44 

43 

43 

43 

42 

42 

42 

42 

42 

45 

49 

F-202 

70 

66 

62 

60 

58 

58 

59 

58 

58 

58 

56 

57 

58 

62 

66 

F-208 

76 

67 

62 

61 

60 

59 

58 

58 

58 

59 

59 

59 

62 

66 

71 

F-210 

75 

69 

65 

64 

63 

62 

62 

62 

62 

62 

63 

63 

64 

67 

71 

(a) Measured from vertical. 
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